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BBT ate 



1.1 

FR BRt BTf, Mw: BpFT 4 bR R, rRb 3TRRT RpfdBi Wf B^ RRk R BBlR BBB 
RB-RB BTt *rR BfR 37RRT P^HJ||Ri)T BB 3R|RR fRtI BfFRT3Tf % RBff ^ 
MTPdM.W< BlR % BTR R tRt 7 RBRT #TT BTR: RfRRRf RrT f I BBT 3 fR RTBt W mR^cMI 
BB fM^lobiui 7§tW{ RB BRTB f^RT t? fejR IrbRt RB RR7 3RR BTBRT BRTFBB 3HW 
"4' bRt % BBB Rf^T RdT f I fRlJR RB R^RR F^ BB BBB Bt 

f7rT t RR FR fRTBt BBB RB RBR1RTt 3TRRT RR FR 3RRt RB RTt BtB RB feBTRRT 
% RRRTR BBtf' WJ\ B# BBT B5F RTt RRBFBt f| FT R^RRf % BTB % RBBR ^ RBfc 
3 3 fTrtB RR %B RIBBTI RB PRRpHd #TT f Rt Pc|^dM ^ RB BRR % RBBR RcfTR 
Ft RT^ i?l 3RR^ BF Rt BJRT FpBT Rt BF 37RBT (fBRB%JR) % BRFT fR % RRBR 
tl FB 3T*RTR BBT 3RTR R^RTR R Rt FR FBt fRRR RB "BBT BtR| fBRB R BTBRf f RF 
BTR Rt BTRR % BTTR BfeRB 3TRRT BfBBB BFf RBTI /BB%/BRt7 R 3wfu WR f&K 
m^yff gTU BRRB Rrff, &ff <TW famf RT /BBB B 37&BBB btR #7 

1.2 ^ITrT 3T1%T 

FfBFRT % RfRTB BRTRR 600 i ^ ^ W B«B RTt BltR BB ^[B, fR BBT 3TRRT 
RTBt-RRB R BRFT BBT thRB FRRtt RBBJBt BBt 3TTRTf§R RTBRT t, #B ^BT % IbRbB % 
fBBTBt ?Rb BBt RTBT tl ‘FRfefBR’ BT^ Bt #B BTt BTBT % RRB fcRs7B R ^BRB 
TT3TT t fRBBB 3T?f RfRF f I 'BB BBB BBTBf % 1^ BfB R ‘gBBT ?TB R R BBBR BlR 














































































4## 



(d) 


(e) 


H) 


fRR 1.1 ^ rrt rP( JilPddT: ydidk 3 r#t pip# 

Rif yPdRPld RRT PcMId# 3TT#T pF-pf # RIRPld Ri# tl 


iRR RT pf % fRRRif, TRR# Rif Rff#ff, RiTRR 
% pFpf 3RfR RRTRpf RTTJ# Rif RHRpId RiT 
#1 ®f I 3RR MR % RRTR RiT 3TpTR 37^ RT 
RT PHHPdRsId PshdlohdlM £RT RR TTRiff tl T#R 
RiTRR Rpf RT# RR# RfpTT RldRR RR RT #f# 
fRRf RflPRMJ fR pf PllPdRd % # 

3TRRT RpRl # RTpTRT # fPR RH^I 3TTR 
R#f % xr|pf -q^ 3 tP 3ttrt1#t tf pi# ti 
RTTRR # 3 m RRi # # fRRRif TR# tl 
RR # lff#T f#RT RRT 1# R# RiR 3TRRT 
#R % RTRj| Tf dl# 1^ # RiTR Rpf Tpf Rif 
PTp# % Pi Rid RfTR # ^ pip# Rif MpIR^Rd 
RR# t [fRR 1.1(a)] I RiR Rif t ##RT 3TRRT 
#R # RiR# # R pf# f## RT RJ# Rif TRRT 
RRT RT# # WR pip# RR yPdR#d Ri# 
t R# RiTR Rpf Tp RRT RRT pip# Rif 


£ 


3TTRif#T Ri# ill #f RRiR, Pier# Rpf TRJT ff < J I# ^ # RrfTf#Ri Rpf R# pip# Rif 
yldRvPid RR# t [fRR 1.1(b)] R# TRJT Rif 3TIR>P# RR# tl ITT# fRRTfR, R##Ri 
Rff Tp RRR Rif Tpt RRl 3TIR>[# RR# I [fRR 1.1(c)] RRT fRRRT RRRT RR f## 
RiTR Rff Tpf Rif RpT RRT RT, Rif y(dR#d RR# tl RiTR Rif Tp TRJT Rif yfdR#d 
RR# tl 

R# TRJT # TR# if fRRft kdlPRTch Rif Tp Rif fRR RRRT RTR#R # RFTf 3 RZRif 
if Rf ^ RRRi Rif Tfrfpff (3TTRRiR RR RffRRpfpT Rif RffcTRT Rf RRRpT RR RRit 
I) ^ VWi RiR t, Rt R RffRTRT Rp-pfi Rif yPd<=hPid RiRTf t [fRR 1.1(d)] RRT TRR 
^p ^ Rf yPlR^Pid tPff tl R# RRTR RR RRR Rf fRTITf tdl t RR RTR5 Rif Rtfpff 
Rif fRTR R Rpf RRR Rif Tp ^ RT^f RTRR t [fRR 1.1(e)] I RR RRi RTRRifR ^STR t 


fRi RiTR Rff Tp R RT^f Rff 
Rif Rf# Rif RTRif# RiRff 


'4t 


flRl=hl 


RTRR Rif Rf# ^Rff kdlPRid, ^5R R R# Rif Rf RTRit 
[fRR 1.1(f)] I 

RRf # RRTR RRT RTRRT#^Ri f#l RR RR# RR RR# f### IRT RRT T#R tft 
R# ^ R?R RTTf# tf RTR tl f##R %f#if ^TR f#l RR R1R R RTRR#R[jf 3R-RRRI 
# RRRTR RR Pl'Ri'f PlRilcdl RRT t 1# RRi R# t# t, PdR '^R 3TT#T Ri# t #T 
RR %RRT Rf RRiR # tf tf RRit tl %R 3R#T RiRR# RT# R# # #RRT Rf RRiR 
tf R# tl RR Ri# t fRi RRTfeRi RR RiTR Rif Tp, #R, Rp, RTR# Rif Rff#ff 3RfR 
fRR fR^RR Rf RR tl RT# RT ^ %R 3R#T RT#R RiT tl RT#t Rif Rff#TI RT 
f#l RR R RRfR RR 11# 3R#T Rf RRiR # tft t RRT RR RR Rlt 11# (i) RR7c#R 
3?#?npip# Rif RfRRif# RRT (ii) /#7#R 3R#7RRi-l# Rif 3RRif# Ri# tl ^ RRtR 
RR # RRf#T Ri# t % T 3 # Ri# RT, 3R%T Tp R RITR# Rif Rf# R TRHIdRd tf 
RTR tl RR RiRT RTRT t # TTTR# Rif ##TT TRRf RRT fR^RR RRRT 3R##T (RTf## 
t# tl RR 1R # Rf RRRT # 37T#ff R RR RRRT t, 37#?T Rif gRRT RiRTTTRT tl 
RR RiTR Rff Tp # #R Tf TR# t # Tp RRi RRiR RiT 3R#T 3lf#T RiT# t RRT 
#R U# RRiR RR 3R#T 3T#R RRRT tl RR RR RT# RTg# # piRT # PdM, TRR t # 
fppTR tf^ # f#l RTTRT R# RTt tl 3TR RfR fR^RR RiTR Rpf Tp Rif RTT #RT # 
TTR# RRTTR t f## RR TRRT RRT RT, Rf ^ 3TR RcR-l# Rif 3RRii% R# Ri#l R 3TR 
3RR RTTRif Rp# Rif # 3RRi1#T 3TRRT RpTRif# R# Ri# #RT % R fppRT tft RT 
RR T# sfl 


























































































































































































%cT 3TT%T W 


fq qi# % TOI q^3#f £RT 3#R 3f#T 3H#P;id qq^' qft qqr-qq# % 
qq#r # rt# qi qqq ft qqrT f i fq ## # 3qq qqT fqqr# fqqrrq qqr# t? qf #f %qq 
wv ^M\ f f#T qq|3#f ^RT arf^TcT Pddldld 31T#T qqr-^q# % RRIR qft Pd^d qR ## 

ti fqtfqq 3### ^iPhch qqrfqq #>cbPdd % 3qq# q# qqrqrqr qqT qrqirqqT wi 
fq qTq# f t#r qq fq f#rqf qqqqqr qisq qft qqt qfqrm qft qqqqiqr q#§q # qte# 
t qf qtwq qj^q ftfT f i an##' qfr qnicqq> qqr qFiqqqr qm ## % qt# # q# q#r 
TfT ftqn qfqqizt % 3qjqq qqq qft ws 3iqqT fqq# #r qqjq qq 3 it#t qqqqqr qfdidi 
t qqT qqfeqr-^q 3iqqT #q qq 3 it#t qRqqiqr qfdidi f i qq t#rqf qqj qq qf# 
3 tt%t ffqT t qf qf qq| /q^qqqqqT (sqfq^) qrftqTqtfi qq qq qq qf# 
3 hi<# q# ftqT qq q# 3R77#/w qrf# i?i 



w#r qqqr 3 fq^q qqT #qqqq Tjqqr fqqq qq# qT# #i fqijq % srqrfq qffq qft f## % qqjq, 
##t, qfeq 3qf# #r 3 it## qq qqf ft#t «tt qqfqr #fqqq #r 3iqrfq #qqff, #f-#tqrq, - 3 ##^ # 3qf# 

# 3R#q fqqq qq q#T fqrqT qM qn qq 1820 % # #dHI<#> % ^ipH sffqfe # qq W f#T #qqftq 

% fqqrz qq# qrc # fq^q qiqr yqiPfd qq# qq i# fqstfqq ft q# ti #Pqq< qqr #rf# # fq #sjq 
qq qq qrfRR qfqq fqrqT % qf##qr 3q#qT #fq#q ^q qqqq qq# t qqr qfq#qr #fqr fq^q qm qqqq 
qr(# ti fqijq qqi "#qqqq ■# qq#qqqT qq wfqq ^3q qq qqqs^fe % 4fqq#qq ^qq#q qqT qf^fq % 
qtfqqrfqq qf#q # qqr f#jrq qfqqrfqq fqqqT fqqq# q## qq q#qT f#T ■# ### fqqq qqr-^Fi# qq fq# 't i 
qqq $q q# %q^qqqq qrq# ti q# qr# 3# qft 3qpqq#T qfqqqqT3# qft ^qq^n %cf#qqqq # 3tq#q 
qft qT qqqft ti qq^q: ^ qqf qqr fqq#r fqqq #i qq fqqq qq# t, q#q qq# q# qqttfqq qqi# % 
fqq qq% qqqr33# % #q qq# qqq qqrqrfqqr qq qqf qqr % qrqfqf qft q#%qq3# q qf# qqft qfqqn3# 
qft »4i<2di qq# qT#T qq# qq qqqq #t #^q#qqftq qq# # ^3 tt qi #^q#qqftq qqr q^f# % i^qr qq# # 

# qq7 ti 

#qq#qr # qq qqfqqq qgq tqq 7 fqqqft qqnfqqqr %cf#qqqq q qqt #qqq i, # qffqqft # ^sq 
qft qf# qft qqtqqq# q«u ^cciiq#u| f^q «f ft ti qq #t qqrfqq fqqq fqr qqqqT qft q^f# 
%q#qq#q f qqi fqqft qqi %qqr fq^q q«q #tq#q qq# iqr w qft qT qqqft ti q## qq qt qiqT 
fqqn f#r yqiRfiql % tq^nq qqr fqijq qq "#qqqq q qqrq qqq ti 

fq^q qq #rqqq qq tqqF 3q#qq7 y#tPiq q«rqi qft qfq ti tq^q qTf#q, q#qR, #fe#t 3# 
Mfqqq qqT ^Nqr #qq # qqqfq #t# qrqrt fqqrq qqrq qft qR#fqqr qtqqqf #t t#rqTq Pq^i'dT qq 
3qqrfqq ti quf# qftmtqr 3q#f#rq qqq fq^q qqi ^qqffq ##' qqr sir#fqq qq# t, q# t# tq#T #rq fqq# 
qqt 3q#T fqqq # qf, 3q#f#q qqr %qqr tq^q qqr Ff# ti 3qq qTq# t tqr TjqqqqnfuT qqr #f#-qqqt qqr 
■#i fqqq qqrq qfT qt 3i^qq fqrqT qTqT ■#, qqT 3qq#q fqrqT qq# qT^ qq# % qfq qft #f 3qqfqqr qfqf 
■# qqffqr qq qqr 3qq#q f#Rn qq# qr^ fyqf % qfq qft #t % q# #r o^qrqT^qq qzqT ■#! fq 3qqTq 
% 3i##q iq qq qf## fqr tq^r qqr qf qqq ft ^ttw t qqT qrqrq # ^jqcqTqr^T qqr qft ^rt # qftqM 
qft qftf# q^ ^tt qqqr t (qffqqft qrqq^qrqr qr^rT 11 qn srwq 1 ^feq) i 

3 q##f qft qqfqif# % n#qn % fqrq qq- qiqr qqqqq w /q^qq# i 
[fqq 1.2 (a)] i fqq qqr qfqq # qft qqr ^ r5r#w: qrqt qf#t t fqq# f## 
fq# qi qf# % q#r qft qf q#qT qqf ift#t 'ti qq qf# 3ir#f#r qqg isq % *h<I fq# 
q# i|#t # #f qrq # f# ^ 3 it 3i#qT qf# % qqff qi 3 it qq # 3 #fi # qqr-qq# #f ^ 
fZ qT# 'fl 31 T#T Pdddl 3 lfqqr f# #, qqff #r f#q# fq#f #r qfq dddl ft 3 lfqqr qff 
ft qi#t #1 

























































































































































































































fbd'p) 


wf 


(a) 



(b) 


f# 1.2 Pr^cK# (a) to# toto Pto^UMi) 
(b) W Pd^cK# #t 




f#r 1.3 ^mi^i-to# rorotroi 


fTOTOT# ## TOTOR 3RJTOF TO f#]TO#f TOT TOTO# t [#TO 
1.2(b)] I TO# FRTO# TO#) f)##TOTOTO # #f) TOR#T TOf 

ft))#; froro# ## fro)' to ## rojt #'i itott ffttoto 20 cm 
f#t tort torto fro totr tott# frororo toto to tort fro tototo 

TOTOT ^TOTO fTO J l)d TOTFTT TO TOTRI TORT fTO# TO# #TOFT TOftf# 

froro# ff to chT4i fftttott to toto# # ?# tor# fro TO fto# 
3fjtor to toto to) froro froro tot to#i toto tot ## totftt fro 
#TOFT # TOTfT TOTOT TOTOT fTO #TOFT # #TOT TORT ##1 FTTOT 
TORT )###? TO (FFTTOTO 6 cm) FtTOTT f# TO# # ##] 
3#; f# TOf % TO 1 # fTO) TO T^dk-# # TOTTO #f #f#j;i 
TO TOTO 3TTTO# Pc|£]<K# % TO TOR TOT?) tl 3RT TOTO# TOT) #TOFT 

# TO TOTO fTOTO TOT# fTO TOf TOT ## TOTFTT fTOTO TOTT# # FTTOTOTO 
5 cmTOTTO Pl°bdl #1 #TOFT % #TOT TOTOT TOFTTO TOT #mi TOf# 

# if to) to) tototo TOf ro# # fro; fftttot tot totottot ti to) 
to) ■'jtoktt frofjroro# to 3hi#i to) tottot to) t^to tot iff) ti 

to to# % f#ro fro f#jrof# froro toto tot# totott t 

TO#f TOFTTO to) To TO#)! dlPTOM, PdHTOI TOTO# 1# 3#f#T 
toto]3t) tort 3fto#t ## # f#ro froro ro i to# to) roro #ffro 
rofro #) to rote tot Itotft tot tottoi to# to) ypdu. roro fro 
to fro 1.3 t) to# sfjtor, ro#r# rote tototor; totto) toto) 
TOff#i to) rote to ^sro) totot rorofteiri 3roro to tot# #r ## 

3T%froFT FTO - ^# # TO# tl TO TOT# t fTO fTO# TO# TO 
TO# tot# 3rf# tor; ## ti toto 3roro to# tot) totttot ## t rof ## 3#ro# to toto## 
3#ro t#T t, 3 rt# toft-tot) #) rot### to# ti tot te^rrof) to # to# rororo fro# 
#tt t'l f# to) tto # ro# to) froprro rorg ro ro# rorro) to ro# rof) tto to rotero 
rororofrof# #ro roro# tot) fro) to # #fro)rororo ro# to rofro tort ti roro to ## ro^rorro 

roTOTTO# 3T#ro 3Tf#T TO# TO roTFTOT roTO-TOT) # FfTOTOf# roT# f I F# TO# 3HMTHlP<dl ^TO 
TOT TO 3T#ro TO# roTTOT #TO#roro TO) TOT# tl 3TOTO:, ^ TO# TO TOTO# f# TOTO # TO# 
TOTO#? TO# 3TO#TO TO) 3Tf#T TOT#) f I 

TO# TOTO# TOTOTRJ# 3#/3TTOTOT 3^# # TO^ tl TOTO# TOTO#? TOTTOFTOT: %TO TORTO# 
## t, TO# 3T#TO # t# t TO# TOTO# # 37#TO #TO-#TO TO##TO t# tl TOR]# TOT) 

rororo# totftt tototto#to toft, ##' #' totoir]# to) totottotto ro# to# to# toft, to# ftt 

TOfTTOTOTO TOFT, 1 ]TOT TOTOTTO # TOTOT^ TOFT—fTO TO# TOFT) # T]Fr F#TO 4grf# t, #T ^ 
TOr##TO TOT# # #TO FT# TO# f#JTO TO# # TOFFTO t# tl fTO TOTOTTT, 't^TO#TOTOf# TOFT 
TO#TO# t 3# TOf fTOT) #TOTO TO TOTOte F#TO #T TO rofTOrfFTTO tl 3TOT: TOf 3TOTOTOTOTOT t 
f# fTO fTO TOTOTTT # TOFT # fTOTOTO TO 3T#TTOT RTTOTOT# FRTO TO#I 

fTOT# TOfTTO# TOT^ # 3TO##T TO# # f# # TOT# TOTOT FTOTR # 3TO#T # ## 
3TTOTOT f# # 3TOTOFTOTOTTOT ft# tl TOTO fTO TOf TOT# t fTOT TOT# TOTO] 3TO##T t # fTO 
TO# # fTO 3TO#T # 3TOfTOTOTO 3TTOTOT 3TTOTTO TOTT TOF#I TO# tl ## t) f#TOTOR TOTOTR] 
f TOFT TOTTOTOF 3TOTOTf f# # TOTFTOT, ^ 3TO#T f# t # TO^T TOFg # ^TOT) TOTO] TO TOTFTTTO# 
f) TO# tl fTO FTOTR TO# rog 3F# f#TO#TO #TOF TOTOT##T # TOTO# tl f# TOTOTR 
fro# TOT^ TOT) fF##TO #F TOteT#f#T # TOTOTTO TOT TOTOTTO tl TOTO fTO TOT# TOf) TOf TOT) 


















































































































































































%cT 3TT%T W 


tnd 3 Rdft t ft R5f % ^5 fttfeif tnd % wri f RsnffdfRd ft fnt ti fR? m 
R 5f fdltPdd f«TT tfd ftfltRld ft qra tl Rdft ft dfsFTOT d ftf ffT 3ftfT ffRf 
fft ftfTI RTTO ft RdldldRd ftt WT ^dftldT ft RRTOT fR^ d fdfRdf fetffTft ft RTRTOT 
ft ^ddl d dd^ f|RT RtfT 3TfT ftft tl 3fR twd fRRJ % fTd fTRffTR 3TTfTf fctffTf ft 
RdffR fRR| t ^RRt fReJ f Rfldl'dRd ffTd dT RTfTRt tl fHlPdU., W ffTRft fReJ ft 
ffTRt 3TTO fReJ Rl RffT dM t, ft fRTJd 3TTt%f ft Weft t 3?R fft fTRdT t % Rdf 
£RT fRfdf dR 3dTT 3dtfT ft f#=t % %d ft % ^5 PdRlfd ^deff ffT ft 3Tf% 
RffT dffT tl 

1.3 ^IHcb rT2TT tofrfr# 

fTO d dfTft dT^ftRSfWTtRdtwtdR 3d^%d ftf fdftR RT%f fft ffrfdtl dd}, 
fff dl^ ft R5f dR w^t 3TdfT FTTfedT dd tfeeT WTT t 3?R wtr % dFT ft 
Rfdf fft ffTfT ffT t, ft ff 3HI^Rld ftt fd RT%d t tft tl dTf eflRiiR fd ffTRt fM 
% fR tr fdt ft ffRtf RKfi-s ft ftdft Rt rotf ttt f ®TT ^dt RR ft fddTtffTf 

ronfefT-Rjf RtrotftttftfdffdTttffr RRffi ffr # f?dTt%f ft wt ti 

fft fRt dftd ft did did % dRf 3TffT RfR % Wdt % RTTO ftfRTd ft kdlRf=h-R5f 
R RRfff ft dtft 4' ft i 37T%T RWTlffRf fft ftfTI R5f R rofdft R 3dRfT Rt RSJldl’dRd 
f ft^ fd dfT fdfd t? 

ffr®! ft 3TT^ ^ ft ftfR t^f ftt ffTtff fft ^'t WfdT 3ff "ffT 
dft fffi ^ft ffr®! srroTdt ^ frrf ^ ^ ftw fd^f fft ffTtff ftf ^t t fF iww&\ 

ti fft ^ %f 3f%T (fftffif) ftt f ^ft dfr®t % ftfR fff % ffra; 3#dRff rodf 
ftt tl fTff f®d wR 3fR -^Sft fTflf tl fdf, MlfWd, kdlRffi, did did, 

fTfTft frfffddT frfT^IT 3fR R ftfR ffTlff ftt flftt tf^f dR ff dfdRtf 
fRiift 11 fft faqd<M f^ft 11 frfffdro ffr®t ffR fi% ff ft fft R R fdddt ffr t 

3ft tl* 

3f%T fdddt fTdfT fR R^ldl'dRd ftfT t ft ff ^Rf ft fRT fTfTfT % RTRRf 
TJdd dR %fT Wf tl fRT% tfdRtf fff 3f% fdddt Rl^diM ft f ft ff fft dR 
RffT tl RRf fft ftfT t, ff 3fd 3RdfT frroTf t rMRi 

dfrof fd ff xjf ft fflfT t ffT Rjri flfft d wft fdR 3TffT Rdft dR did did fT 
kdlRffi ftt fTft fft 3ft%f ft Weft t, dRTJ fl^ ftt fR^f ^tRl Wdf 3HltRld fft fft 
ftft? fT^fft R 3ftfT fd STRf fdR fTRtR R ftfTR fRdt t ft WTfT t, t^Rf ftt fd fdRf 
ff t ffT fTl f«f fdRT fTRtR ftft ft ff^d % 3f^ WTfT tl 

ff fd ffTRTt 3TltRld fRg ftt ^«ft % Rtqtr R eft t ft fRIfd 3TPdRfd 3ftfT 
dtft fT^ WTfT (^tt fdRT fTRtR) t R ftt fd 8JpTfT tfSJf fRT ffdf fTR% -gfd t' 
WTT Wf tl 3ftfft % ^fd % Rff Wf ftt fRT dtfTfT ft ( ^RTdf%f fTRfT) 

fTft tl ^JRTdtdd ff^f dfRd«tf df 3T^fffft ft ^R^TT Rt %d ft d^ d^ ^TORfT tl 
fT^ ft dd’’ dtft xtf ft ^fd tf dfRR ffT dTfT WTT t f®TT fRT dtf R dtt fRt ft 
fffTTcTfR dfft d ff fRt fd fdftf ^TTO 3TRjft % fffTf ^dd^f % fRfT %fT WTT 


dfT ftRRt tft fft 3?&/WTfTfTft t, 3ftft ft dfd t 3Tftf ffRf fTRft tl fRT 3Tftf 
fd dfRdTTO WTft ffT fffjdtffdt % dWIdt ftdT tl 
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4f#rt 


A 


B 



(a) 


B 




(d) 



fRR 1.4 # 'll ell % RTR 
#FT RRT 3TT#1RI 

6 


tl FR# RR R f#)R Rt 3TF#t # f#R #R RTT RRR# 1 #tt R# t : f#pTR RTT, RRTTT# 
RTT RRT \#l4) R1TI FR# # RF# tl RTT ldtj,d ^TRJ Rt ^iltd #Tld # #dddl RRT # R# 
t RT^TT #RTT RTTffttRttRTfRt### R#T RTRT tl f## 31fR###i; ## - ftfR 
FTR# t##d<, t#tf#FTR # RTf # 3RRTR < i#q# RTT # Tjj# #t tl Rf#R t Rtf #R 
tit RT 3TRRT f#pTR RTT RTT RTf # 3RRT TJ T # TR# tit RT 37T#R #R # RRT#R tl RM 
tl FR RI^PdddT Rt ## FT# Rtf ## RRT Rf#l #1 RT# #R # RFf ttcfl; R# fT## 
RTT R # # #R RfRRT/ftRRT tlRT 37RftFTt tl RT#TT, R#f# RTRR RTTtT f#JR RR 3TR5T 
RTRRT tl 

1.4 vrm IRT 3T1%R 

RR FR f## TR#t Rt tl# R f## RltP^ld RRTf#RT-T5F Rt TR# RRlt t tl T5F 
RTT 3TT#R TR#t Rt tt#t RR TRIRIdPid tl RTRT t 3# RF RltRld tl RT# tl W 
RRTTT RT#t Rt tt#t RR# FTTT RltRld tl# tl RR RF RrTTf#RT-RTF # yPddltd tl# 
t RRT ## Rt # Pddldld RltlRId t, Rt 3# 3TTRTf#T tl# tl R#, RTTF f#piR 
T5F FRTRt RTf3tf Rt R# Rid?ltd RR# t, FR RRR RTT RRT R# # Rtf f#R RTRT tl 
3RF# FR RF RRRt RTT RRTR Rt f# f###f#R R#R Rt RT# RT RRT # RRTRT tl 

(i) Pd^dil# ## RT T# # RTf # ##f ARR B Rt fRR 1.4 (a) t #R# STfRTT RRT 
f# # RR# f RTF# 

(ii) RRT RR#f#R RF FR ##f t f## RRT (RTRT A) # #RTR FTTFR RRT RF RTRRT# 
R#TR f# RF tl# # RT# R RT# ## # RRR FRtR#R RF Rt 3# 3TTRT#R tit tl 
## B # #R# R^ RT RRT#TT RR 3#RRR # RTRT tl ## RRRT # 3TT#R RTf # 
##T # 3TTR5 TFt t, RRTTRR R# RTT R#l 3TR: t R#f RT # #TR 1.4(b) t R#R 
3TRRR TFttl##A#RTRRS3RT RIRT#R RR 3#RRR RRT ## # RTR R^ RT 
RRTTRRT 3T#RT RR 3#RRR #RT tl RRT# ## # T# d^M tl# A# RTR R^S RT 
■nPdd R# tltl ## # ## A # RTR R^ RT F^IRRIR RRTR F# RJF F# t 3RR 
F#R#R FR^T ^RT yfddiftd #^T#tlRR?#^FTt'T5F# 3TTRT#R # RTRRT f#RT 
RRT TTfRR 3TT##1 # RTRRT RfRRT#R # #R TTFR T®#RR # ^TTRT tl f#R 1.4(b) 
TTRRTRTRT Rt R#RT tl W Rf#RT Rt 377#?7 RR RTFt t RRT RF TTRRR 
RTTRTTf#RT tl ^TR RRT RRR Rt T5F ## # Pi did TF# t RR RRT f#R t RRT# 3T^TTR 
TTfRR 3T#RT R^ RT TFRT tl R# T5F Rt FRT #t t # 3T##1 RT RT# RTRT RRT RT# 
RFf RTTRT RRT R 3TR# RRTTT# 3TRTRT t RTRTT t# R# tl 

(iii) fRR 1.4(c) t RR# 3T^TTR RRR Rt T9F Rt RTR tl# # Pldd TTlt ft tl# ##1 
Rt RRT-R# # fRRT dlPdM.1 #TTT RT# RT Rt# tl# f#RT#R 3T##f RTR 3R##R 
ttRTT RRT-RTt Rt 3TTRT#R RT# tl 

(iv) T5F Rt FR #ffRRI ##!' RT 3TT#R f#R 1.4(d) t R#R 3TfTTR TRR Rt (JHdfdP-RR 
RTT #t tl 3TR Rl# tt#l # #R fRRTR 3lfRRT dlPdRl "#TTT RT# RT Pdd 1.4(e) t 
R#R 3TfTTR 3T#RT tf#f RT RdTTTRH RR # f#Tf# # RTRT tl 

FR Rf#RT t RTf # tl# 3R##R # R# tl RRT##R RRR Rt RTF # 3TT#R Rt 
## #R RFf Ft#, # TTR# RTR 3R##R RT# Rt R#TRT # f#TT# tl 

RR f## fR^RR T5F Rt FTTRt RRpt # Pldd TT# t # R# RRTR F#T tl T5F 
RTf3t # RTR RT# RT f#RT#R 3T#RT tf# RTT# t RRT RRT#R 37#RT RTf3f # 























































































































































































%cT 3TT%T W 


TOTclf TORT TOT TO|TTO ^SfRTT t [ ‘i.’HI TOTO TOt ttTOT t TOTO 6C1<^1 TOTg TOMTOT TOgt ttTOtl TOT? 
TOflTTTOT fTORT TOR M t WTOR RTOlWT TOTTO! 3 3RJ^ 1.10 TOTOT 2.10 f fTORTT RRI 
t ] I TOttf TOTORT % 3R%ff % #sfl f ttTOT tl TOTO TOP# t % TOTOTTOtTO TOTTORl' 

f yfd^tfui TTTOT IdTOIdld 3TO^ff t 3d|ohtJu| ^ f| RTOTfTO, TORT TOR HRH|U| 3R%ff % #TO 
^Tt TOT frotr TOR# % TORTTOT 3flTO4u| 75M Mld^tjui gft frRT t TOpTOTOT ttTOT tl 
TORRTOTFTO chMI'fl % <iTO>4, 'TR'^-S TOff ■‘I'lcil 3lf^ grrl^ ttt % chK u l TOSTO TOft 3Tk ftTOTO 
3TRt tl 


idl^JUl 1.1 3TR fett TOR]; % TOttt TOlt TTOTOf fTOR fTORT ttf TOdl^PTOd TOR TTTOit t? 
fTOT fTOTO 1.5(a) f fTORTt Pd^dllTOt TOR] % Tfe TOT TOitf 3TdldPt!ld TOR] TOR TORTT TUT 
TOTOlfTOT TOTOTtl fTOTO 1.5(b) t TOTOTfR 3RJTTR fTO tt^ % f^ TOT^ TO> u II^Pi!ld WS TOTTfTOI 
TOTTOt % TJTOTO ^ Pi TORN yPdd>tiu| % TORTTO gT TO1TOR ^TTST ftt TOT TRfTTO IT) TOT^ tl "TPFT 
TOR fTTTT ^TORdT TOlt TORTt % TORTTOT TOdldPlId tt TOM 11 TOTO TOTTOT TOlt TOR] % "gpd 
$ Pi TOiTdT TOT TORFt TOTTOTT TOTOT TOJM tt TOM t eft 3TRt?ff % fTOTOTTOT TOlt TOTO TOfTOTTOT TOR! 
tt TOTeft tl fTORTt TORTTOT TOR gRT ttPt TOTt ^HMPhd TOftfTORI TORtTOTOTO ^R f ydlPdd TO) 
TORRT TOTOfTOT TORT TOT ftR TOR TOTOTTOTO, TOR % TORRT% TOT TOMATO TORT TOT TOTTTTO fTOTO 
1.5(c) TO TOTOfro; 3R]TTR TOR; T#TOTI TORt TOR ^RTTO^- cfe TOtfTORI TORT % M TOT TOMATO 
TOT) TOT3TOT TOTOt TTOcft t [fTOTO 1.5(d)] I fTO^RTO TOf TOTt TORT TOftfTORI fTOTO 1.5(e) ^ TOTOTfR 
•STJTTR TOTOTTOTOT TOtTOT % RM TOT RTORTRTTO TTOTO TO t>RT TOM tl 


4IM 





>';r.l:!': v iTOTO 1.5 

ITT TOTOlTO ^ TOT^ TOR TOtTTT ^TTO TOf) TOfTOrTOT TORT 3TRtfTOTTO TO) TOM t TOTOT T5TO 3TTOTOT 
TOlff 3TT^TOT TOTOt TUTTOtl 

tTTO ^RT TOT^ % Rtrf TOft TOiTOT^TTO TORpf TOit UfTOTTOT % TOt t tt TOTTO ^tt 
t, W^’ Rdl^P^ld % TRltTO RTT^ TOTTOt tl W TOTOTTTO t ^TORRT ^fR ^ 

#ffTTT TRTTO TTOHIdPid (ydlPTOd) tft t TOR ^RT tt^ TOTf 
TOTTOT tl TOTOT 3TTTO ^TTTOR TORTTOT TW TOR TTTOit t? 


■^TTO 'SRT gt Rtroft % fTOTORTO % 3TT^TOTTO TTTOTOt RTOTTOt TTTOtTO fTOTORT 

httk/M , \w.physicsclassroom.com/mmedia/estatics/estatic/ifsr.cfm 


















































































































r * 4fcTFTt 

1.5 ^rT 3TT%T % TTtT W 

FRt FF t^TT t fFT Ft HFiK % 37T^T ttt t~ Fdl<kl FFT FiFI^Rl FFT $dH FFT-^fR 
■% uftf Fft Ri<*d FTrt Fft y^Ri FtFt tl ftf, ff fft fkjF fh^Ri % frt ftt f^f 
F# ti 

FfF Fl|c|Rld FFjJsjf FTT •Hl^'fl dd<4) <41 -c) Fft ^ft Fft pci'll ff F|FT FTF ^tcTT t Ft FF 
FF> % 3F%T FTFFt tl FF TFT fFFT FTFT t fFT FFJ FTT 37T%T 37TFTTFT f F=F fif^ 
FT TTcPlsTd tl 

1.5.1 3TT%ff -aft 4Mdl 

3TF FFT FFt 37T% FTf mRhI u IIcFF) FftFTFT FFf Ft t; F?t FF FRct 3FJFTF t TF#ftl 
3TFftF FF ff FF FF Fltt % t^TT fFTFT FT FFTFT t 3ftt Rr FFt FfRl FfF IfFTFt f™ 
ff Ft f^F 37T^FT q 1 FFT q 2 t Ft fFFTTF FTT <JFT FfT^FT q 1 FFT q 2 FTt FtFFfFFtF ftfF Rt 
Ftst FT WF FtFT t, 37FfF 3FFFtt FTt FTTFfFFT TFFFFTf Fft FlfF FfFT FT TTFTFT t FTFFT 
37T%T sFFFTF fR F?fF FffFFT TTfFT tl FfF fFTTTt fFFTTF t n 3F^FT q 1 , q 2 ,q 3 ... q n , t Ft 
fFFTTF FTT ^fFT 3TT% q : + q 2 + q 3 + ...+ q n tl 3TT%T FT F^FFTF Ft FftF Ft FftFFT FtFT 
t fFFTT FFf Ffcftl FFTfR 3TT%T FFT sFFFTF F F^ 3TFT tl fFTTlf FTg FTT F^FFT TltF 
tHIrHoh FtFT t FFfFT FT^ 3F% FT Ft FFJTRFT Ft TTFTFT t 3TFFT FFFTF1FTI fFTTTt fFFTTF 
^ 37T%T FTT FtF FTTcf TTFF FTtRt FF^FF fFf FF FFFtF FTTFT FtFT tl FFTFTFTT 8 !, fFTTTt 
fFFTTF t fFTTTt FTFFT f Fit FF FTF 3TT%T+1, +2, -3, +4 FFT-5 t, FF FTTt 

FTFFT F fFFFF FF ^FT 37T%T = (+1) + (+2) + (-3) + (+4) + (-5) = -1 tl 

1.5.2 etepT 3TT^F Wf^RT I? 

FF IF F?F Ftt 3Tk FF^ # FT%F t F% t % FF F^F FF FfT^FTF Ftcft t Ft 
FF^ FF^ ^ ^FTFt FF^ t IpFjftf FF FFTFTFFF FtFT t, F^ FFT 3F%T FFFT FFf ttFT 
t, 3t( F Ft 3F%T F^F FtFT tl %F FTT^T^FF FFFf FTt t FTT>t Ft Fit 3F% % FTF^FT 
Fft FTFFT FTFfT F FfTF^ftl FF FF Ft FF^Fft FF FFFFF FFft t Ft F^ 'FFg fFFFT 3FT%T 
WF FTFFt t, ^FTFt FTFJ FFFT 3FT%T FFtFt tl FfF FTt 3Hl4f^ld FF^Fff % fFTFTt fF^FF 
fFFFF % FtFF, FFTJFTf t FRTt^T %FT % FFFF, 3F%T -JF: fFFfFF Ft FTFTF t, F^ FF 
FTFT FFT t fFT /qf^qW /FFFF FF ^FF 3J!^YT F^F wf^Rf TWW l?l Fn^^l-FF^FF FTt 
FTFtfFFT FF 3 FFTfFF %FT FT TJFF tl 

F#F fFFFt FfFTFT F 3FFFTFTFt FFF FFFF FFFT FFI fFFT FT FFTt t, FFJ fFTFt 
fF^FF fFFFF % tF 3F%T FTt FFFT FTFT FTFFT FF FTFT FFF F# tl FTFt-FTFt F^F 
FTT^fFTF FFT FFFT FTFt t : FTt i ^FFT F^T FtFTF FFT FFT I^FFTF F FFTFfF tt FTF 
tl W »R FFFT FtFTF FFT fHFFTF HRHIF F FTFH F^' fFFTFtF (RlM<ld) 3F%T 
FFFT ttt t FFT W FFFT F ^ Fk FFFT % WFTF FF ^FT 3F%T FJF FFFT tl 

1.5.3 ^RT 3TT%T m cWl'd4icbJU| 

FTFtfFFT FF k FF FTTfqF fFFT FFT t % FFt ^FF 3TT%T HRHIF F 3TT% Fft TJFT fFTT t 
fFFT e^TF FFlfFT FTFT t, % ‘^ifFTf ^JFF tl IFT FFTR, fFTFTt FFg % 3F%T qFTt FT^F 
fFT FTFTR FFltFT FTFT t - 
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%cT 3TT%T W 8^T 


q-ne 

R^TnTOtt WW 3TTOTOT TO u llcH<=b Tjufefl 3TTtTO TO) RF T^TO wt IRtRRIR 3TRTOT RtRTR 
% 3TT%T TOT mR-H|U| f| yp<y|<i| % TOfTTR, $tdtld % 37T%T TOt 1TOJ RTRt t; 
$u1RrHl M ^#T TOT 3TT%T -eRTOT ttRTR TOT 3TTtTO +e^RT TOTOT TOR) tl 

%R 37T%T R^R eTOT tJtoIto tJTOTO ttRT tl W TRR TOt 377#W TO7 TO?7RR?TO?TO TOft 
tl 4ftrot t tRt totr Rt RrofRifRTO t«*fi 4fRTO Rfroro Rdkit^d tl RTtro % 
<wi'dHl<MU| tot r[rtto retort 3 #jt y4lq^dl trort tott ## qq; frojR rtotor % 
yi4)Pi=b ftror) 3 tort 13tt toti rr; 1912 f PHPddH t to) totrtto f yitlPTO w t) 

PddRid froro «TTI 

RTRTOf TOt Rdtdild TOTOeft (SI) f 37T%T TOT RTRTO *fTO77R t, fTORTOT TOTtTO C tl RTO 
cjRTiR 'SFt fTOJR RRT % RTRTO % TOf t 'qRmfw fTOTO TOTRT t fTOR% fTORT f 3TPT 3TRct 
rwt f Rtrfti w ■qfcRM % tojrr, ^ ^offq tof RTtro t to) froRf rr 11 A 
(Q,P-yq<) tort 1 tros; rto ydiP^d totrt t [trfRro) Rt yidd^woh totrt 11 , tort 1 rr 

3T*RTR 2 tfep;] I W Weft f, 3TT%T Rt ^ 
e = 1.602192 x 10 19 C 

fR TO, -1C 31T%T t <?mR6x 10 18 ^TOFT ttt tl fRK%Pddt A ^dt fWeT 
yP<H|U| % 3TTRTOT R RRT-RRR tt RRTRT t)RT t 3?tT ^IPem, RR ^TTTO stt RTRTOf 1 |aC 
(RTfsTtfeTTR) = 10~ 6 C 3TRRT 1 mC (PRcdl^ellR) = 10~ 3 C TO TORRtR TOR) tl 
Rft %ror stR-tit w r)rtr tt ftror f RTtro % ^ rtrto t tt RRt tf^TR arm) 
Rt eTO Tjrofro ^jtoto ttRT TOfro;i -qroc yfc frorf t n : ^toft w n 2 Rtror t 
tf TOl TOg TO '<|TO 3d^T x e + n 1 x (~e) - (n^- n^) e 11 n x d®IT r^ ^ifdi 

t, TOTO 3TTO Rt tl TOT; froft TO^ TO 3d%T eTO -^TfdT -rjTOTO ttdT t 

e% TOTOf t tt TORTT TORTT TOTTO TO RTOTT tl 

fTO];, TJeT TOTOT eTO TOTO ^ ^ ttdl t 3tq qsjeT TOT TO TOT 'JRJ fiC % 31T%ff 
TO) TOTOR t TOt t, W trot TO TO TOR ^PTOlldl d# ttdT % froft TOg TO 3d%T 
e% RTRTOf R TO TOTTO TO TOTO tl 3d%T dft TOf&TTOtR R^rfd ^RT tt TOdt t 3?k TO 
TOR TOtd ttdT tl 

W f^lfd TOt ^TOT RTO ^TOT TO) ^llPHdld x rlTTOeTOTT3T) R) TO) TO RTOdt tl ^ 

tut to TOtt fTOjfror tro TOt tor totoPr ttRt t to^ to torto t rrr Rtt tttti fror 

RTOR q^TO-^RP % 3RRfdTO fdTOR % TO[R R TOt RRR tqiT TO 31TRRT tt t, TOT) 
TOTTO RTO TOR tit TO TO|R ^ TOtqff TO RTOTOT tt RRR TO^T fTOTO ^cfi f^§j^ 
tRI tl 

RJRT RR TO TOT tt 3TTtqt ^ TOTOR TOt t TO ^dTOM e % TOtqT dt ^RRT t 
qftRm t 3 ttoPtot Itotrt ttt tl ^ro e= 1.6 x kt 19 c, qftw 11 jic 3 TTtqT t q^r 
^toTh tr 3rrtqTTO tottot io 137 jrt 3ntqT ttRiti tot trot to, to rto Ito froft TO^ 

t 3TltqT TOt TORt 3TTOT %TOT e% TORTOt t tt t) RTORt t, TOT TOTO t Rt?TT fTOR 
Rtf t fro TOtro RRR TOR TOR TO RTORT tl TOT TOTTO, RJRT RR TOT TOtTO % RTOZtTOTOT 
TOT TOtf TOTTOTftTO RTOR Rtf t RRT TOTRt dt^TT TO) TOT RTORt tl TJTOT RR TOT TOTO RltTO 
% yP<R|U| e% TOTTO 3TRTOT RTRTO TOTft TO t)t t 3T«TfR fTORTO) RTORT TOt TOT 
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' #R# 



RR#t t, RFT RT 3T%RT %%Rd PR# F# t RP 3T%RT # RRIP#PTP Rif P#TT RFf Rif 
"STT RR#f I 3TR; RF 'TOT RfR HF^uf f % fpR mRh|U| % 3T%RT Rif RTR # #t tl 



idl^JUl 1.2 R% fp# f# % RP #PP f 10 9 i#<=hdH fp# -3PT fq% % TPdl'dRd 
F# t # 1C 3T%R % RTRPPT R fpPTT rrr p#tt? 

FP 1#PF f f# % 10 9 ##H PdRc# t, 3RT: ftp RIR Is f f#T P# RTPT 3T%R 


1.6 x icr 19 x io 9 c = 1.6 x icr 10 c 






RR 1 C 3T1#T % R#TR F# % WT PT 31|cbdH 1 C 4- (1.6 x IO -10 C/sJ 
= 6.25 x 10 9 s = 6.25 x 10 9 4- (365 x 24 x 3600) pf = 198 R% FR FPR fpR 
#F R 10 9 #R3H P# RR# # <R R 3cR# FT TFT t, PRR 1 C 3TT#T R#RT TO# 
fpRRR 200 pf P#l 3TcT: RlpT tt <RMFlPTO TOWf Rif #P tT RP ^cTFT 31%p TOT 
RP 31# PdPd RTRP tl 

RP# RF P1RRT # 31% HFeR# f % fp# RR% % ] RR #d)4#l PR# % 
PRRR fp# #RPH F# tl 1 cm 'gPT % R% % RR % RFTRR 2.5 x 10 24 F##R 
F# tl 

3RIFTUI 1.3 RP TOP PP R fp# RR RP RiR 311% F# t? 

FP TOT ##q; fp RP RTF PP TOT <T<RHH 250 g tl PP TOT 3PJ sT<dHH 18 g tl 
in RPR PRT #p {= 6.02 X 10 23 3TRJ) PP PT sT'dHH 18 g tl 3RT; RTO TOR pp R 
3RR3if Rif RTTOTT = (250/18) x 6.02 x 10 23 I 

PP RT F#P 3RR % RT Fl##d WTFR RP RP PTRRfpR FTRPJ tteTT t, 3T#T, 10 
F##R RP 10 FfP# F# tl 3RT; ^TP RR RP ^RT RiP 34T%RT qpR|U| % RRTR F# 
tl 3T%RT PT PR pfriRTT = (250/18) x 6.02 x 10 23 x 10 x 1.6 x 10“ 19 C = 
1.34 x 10 7 C 


1.6 <£#W fWT 

1<rlH #RR # t# 3T%# % R#T pt RP % fpRR t RP HldlcHP RPRR tl PR 
31%iRRT ■% RTTIRT ddpl RRP pit Pcfl' Rft Rt ^ddl t R^R RRT tt t Rt Rlt 
3RtfPR R^3lf % PTlRTf Rt Pt^TT Rt PT TTRRlt t 3^1 P^ % 377#P7 RTRT PT PRRTT 
tl <|dW R Rt fp| Pll^^ll % RhR RFf RP Rt RN Rt 3^1 RR RTP fp RF RP Rtft 
31%#' # PflRT# % RRTRPP % 3T^PHIjMIdl RP PR# #R Rlt # pt # 
PJRPRTRPRt t RP RF Rt# 31%# RTf ftp# RT# %RT P 31##T P% RRRT tl W RPR 
R# # 3T%# q 1 RP q 2 # R#T Iddld % ^RRrR rt, # FR# #R pt RP (F) RR 

mRhiui f 


F - k 


k % 


{l.D 


31# R## # fpR MR qfTPTR RP #RR RP pft? ^P% t P^ # # 31%f#T 
## # R#T pt RP R# RTP # fpR; t%R RPTT' RR PFR# fpPI PR # ## %T R#T 
1 JS1R1R R#p ## #f f#P Rif ^PRT t R^R 3lfRP #RT t # P#P 31%f#T ## pf 
f# 31%RT RP RR# tl RP# 3m:R RR# RRR ## RT 31%P 31RP tl RR RF fpR PR1R 
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#R RRT PT TOP pf qp ^mf) tl fR RRT PT TOltP TOT t t%%R fftf%%#T# 
RRRTpfP TOT P) TOT % %R % TO# ^jzq % Tj^qiq%nr %TOR # RPTfpJ fTORTI 
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%cT 3TT%T W 8^T 


yHl=h<ui (i.i) -Jfa w-T qfr 7#q -qro;? c^ift ff PdHPdRsid m 
dHN Rpqf-'qFT <rflP^iq, 41^ % qf^ X R 3q^qT qi?| qfq W qfcf qff 
w&m fqqqf srt sni^m qfqf % 3 v§ i qf 3q%T q 

qfqf iM 47 %<rr ^MJJU •HHPhPi % 3RJRR, 47^47 Tft^ tr; g/2* 
3TT%T^qTI W#H^t^WPq/2, q/4 37Tfq 31T%T qqq qq[ 

Rqqf ti ^ctr ^ fro ^qqr 3 mIWh qR% 

forf^FT ^ftqf %TT qqr eFft FFT qftl dd^4ld 47^47 -gq^r % 
fqrq; fqqq wqR ^qqrf ^ sn^’ ^ ^fcRfq %4 ti fqf*R ^(fqf qq 
3n%if % fqf*FT ■gnerf % fqrq qqif qff ^rt 477 % ^qtf 747)47741 ( 1 . i) 

% Tfqq 47 4|fq qq;i 

cjTqffq fqqq ^ff fq7 4^7 77777 dPuidld 4744 t, ^77 447 37174 3, 
4747 qf^rq qqfqf % 377417 qq qfqi mi qqfq y W ^ ^ 
qsjqr qqq qq qqrfqq fqRT, 3744744347 qqq (r ~ io -10 m) 447 q) ^ 
qsqfqq fq74i qi ti 

^qffq % 374 % fro qf) 7qfq fqqr 3q%ff % qfqqpff % tt# wh 
%, qf) sfj-i 4T7qq 3, ^fr Pqqqid 3734^4 % %q; dqqlq 3 qnqi qr 
774741 t-c^qffq % fqqq qq qqqfq 374 qq 3 tt%t % 41447 qfr 
qfqqil^ qrq^ % %tt qrq qiq^ f i qqftqqqT {l. l) % qqq'q ^ 3iq qqr 
kqq qTq q^feqr fi qq Jc% fqrq fqrqft qt 444447 4T4 qq qqq 
qrq 77477 ) ti kqq qqq 3 tt% % 41447 qq qqqqr fqqfffq 47774 ti si 
qiqqff 3 kqq qpr 4fqqq9x io 9 ii qq qqq % qRrqqqq 3q%T 
qq qt qTqqr qqq qtqi i? <^ctiTh qrq^ 't fqqrqft qfqqM qq^ qq^ 
3Tf^q 1.4^' ^ qt fi qqftqqqT(i.i)^' kqq qq qpr vs^ qq qq 
qq qqt ^ fq> q : = q 2 = l c qqT r = l m % %q; 

F = 9 x 10 9 N 

qqfq l c qq 3 it%t t r! fqqfq 3 l m ^qt qq qq# qqft qfqqqq 
% fqqqt srt qqqqftq 3q%T qtt9x io 9 qqr ^ qfqqrftq q^i 
qw M^ic ^qrqqTfqqr qqqf % %q; 3q%T qq qp qqT qiqqr 
ti fqqq^fqqtt -sqqqq ^ qq#r qjtt qTqqtf ^ lmC q«u 1 |qC 
qq qqqtq fqrqT qra fi 

qiq qtt qjfqqT % fqrc; qqftqnqT (i.i) % fqqqfqr kqft qiq: 
k- l/47T£ 0 fqqq^ t, fqq# ^qrfq fqqq qfr qq qqqq ^qqq fqTqT 

qmi ^ 


F = 


4qf n 




{1.2} 



RTqq 3rfqfeq q ^nfq (1736 - 

1806 ) qqqtqrt 4fqqrfqq ^qfiq 
^ qqqfqfa qq^ qtNf) Mf^iqq 
% qq 3rqqT %fqqq snq'q feqn 
qqq 1776 ^ q ^fqq qfte 3rrq qqi 
qqr #f) qf) qqqfq qqrqq qqqq 
3qqqT qf}q qq4 qqq qqti qqr % 
mRhiui qfr qrqq % %q ^qpr qq^ 

^di 'gqn qq 3rrfqRqq fqiqT 3f[q 
qqqq qqqfq ^qf% sn^fqrq 
qfqff % qfq qrq^ qrqf aqqr^q 
srqqT ypdchtjq qqff qtf qiq qRf 
q feqn qq qqqq, qqq 1785 ^ 

qi fqqq qfr ^qfq qTq fqqf 
3qq ^qffq qq fqqq qrqq t'l fq 
fqqq qq ^ si^qiq fqxq^ qqi 
^qfeqi % qm fqrqi qiqfg^^feqr 
^ srq^ qffwrq qrqf qqqfqm q#' 
fqqri ^qffq q qqrqfq qqi fqqqffq 
^qqffq ^f % qfq qrqq qrqr^qqr 
qff fqqq qq qf qq qRTqn 


e 0 qfr gw 3jmYi qi farfu wt 3iqqT R7%qqi qr^ ti si Fiqqff q e 0 


^0 

■^T ^TPT 


, = 8.854 x l(T 12 C 2 


N 


W 2 


qqr tty Rfqqi t, 3 rt : ^qffq fqqrr qfr Rf^f R%qq 4 fqraqT ^qq ^fqi f i tih 

qfffqq; q : qsq q 2 3qqqff % -fcqfq Rfq^T qqrqT: r L qsiT r 2 1 [fqq 1.6(a) ^feq;] | qq q 2 

* fqq' 3TTqqf qff qqqqfqRn q?u aq%ff qr qqaqq qff qqqrqjTTiT 3iqf%q ti qf 3q%ff (q^qq 
q/2) % qqfqq ^ qqq 3q^?T q didi t'l 


1 1 


( 9081 - 9 CZI) HI 4 & £ k 2 ijMte 














































































































































































kfrok 



(a) 


% IRT q 1 TOT 3RkfRR RTR RTf F 12 RRT q 1 % RTTT q 2 RT 

3flkfkTRTORTfF 21 ^^qRRRR^ti <f)f^ Sflkkkj^ 
q 2 Rk ^rt k kron rrt 2 3k ritt ^rrr fkRT rrt 11 totr 
k 1 k 2 R>f 3k TOk ■nfel Rff r 21 TJRT ^TRR fkRT RRT T?— 

r = r — r 

A 21 4 2 *1 

RTT) TOR 2 k 1 Rff 3k TOT?) RfRRT k) r 12 £RT °RRR 
fkRT TOT?TT t- 



t»s 


toto> o 


r i2 = r i 


' F 2 = ~ r 21 


t»V, 


<jiq 2 < o 


RfR#'r 21 RRTr 12 % mRhFiTrtt kkRR RTRRT: r 21 RR' 
r 12 £RT k?TT t (r n21 = r nl2 ) I fkkf TOfkR Rff %TT RTT fkkr 
3(rkbl RTT kRTO % 3FjfRRT RRTlk RfRRT £TR fkRT TOTRT f I 
l k 2 Rff 3k (3 trrt 2 k i Rff 3k) kkr Rnk RT?f 
RRTlk RfRRT RTf Rf?RTRT TOR fTO RRTR RT?k f : 


(b) 

fTOR 1.6 (a) ^RTfqfR RRT 
(b) snkk k kro aktfkr rtoi 


*21 


l 12 


i q, q 2 


4ne n 


r 21 = , r i2 = > r 21 - *12 

r 21 r i2 

r x RRT r 2 RT 3TRffRR Sflkk q 1 RRT q 2 % #R Rlk 
^RITR RRT fkRT Rft RR W RRTOT °RRR fkRT TOT?TT t 

>21 (1.3) 


RkRRRT (1.3) k TORR TO fkrofTORT RTkfRRT f : 

• RkRRRT (1.3) q 1 RRT q 2 % fkk) kf fkf, RRFTORT 3TRRT RRRTrRRT % %R RRR 

f I RfR q, RRT q 2 TOTOTR fkf % t (RT R) kk k RRTTTORT 3TRRT R)k k RtTOFTORT 
t) RRF 21 , r 21 % 3Fjfk?T t, TO) RfRRkTO RT) RRfkR RRRT t krTT RTOTcfk 37Tkk 
% %R TO)RT k TOTfkll RfR q : RRT q 2 k fondd fk? 1? RRF 91 , -r 21 k 3FjfRRT 1?, 
TO) 3RTRkro RTf y<#d RRRT f RRT fRTOTRk 37Tkk k kfTT kt 3TRTT RTT?) 

tl RR RRTTT TOk TOTOTRk RRT fRTOTRk 3Tlkk k RRRTOf k fcTR ^RRT-^RRT TOkRRRT 
kra^ RTf 3TTRRRRTRT R# f I TOkRRTO (1.3) kff k RRRTO) RTf TOk-TOk ¥RTR RR 
kff t [fRR 1.6(b) kkR] I 

• q 2 k RTRTO q 1 T R 3k)fRR RTO F 12 RT) TORfRRTO (1.3) k 1 RRT 2 k RKTO 3TRklRkT 
RRk RTTO fRTRT TOT TORTRT t, 3TRfR 


i Qi q 2 


4 7t£ n 


^12 — ®21 


W RRTTC, ^TOR fRRR ^RR k RfR k ^RfR flTOT k 3RJRTO k f I 

^TOfRfRRR (TORfRRRT 1.3) k fRRk k fk[R k 3Tlkkf q! RRT q 2 k #R 3k)kR 
RTO RFR kRT 'I'l RfR 37TkT fkk) RTOT k fkTR 'f 3TRRT kf) TOlkll k kR k flRR 
RRTR k RTk 'STOT TOR 1?, RR W RRR k 3RkkR 3TRRk k RTRRT fklfR TOfRTO RR 
TOTRf tl 3nk 3T?TOTR k FR RSR k fkR%fRRff TOT fRTOTT RTkfl 
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%cT 3TT%T W 


44F3<'U'l 1.4 tl 31## % #q ffeq %R qRT % ftR ^rm fwr CT2TT tl feiq 
fe| s^hhT % #q ^^ichfcfui qqr % ffe; rrt qq f™ tfe f tl qqr 37mf/^HiHi 

% #Ef <# % fe % tlRT tl (a) qq t# Rdf % Mpqkl RR qq% qqfe 

y<Nddl3TT' qq IjqRT fe RR; (i) T^cR- ^dc^H cT^TT RR #1 % ffe, (ii) tl ### % 
ffel (b) s#cRH cTSTT #RH 4 wfe 3HI<^tJu| % Rd # qqqq fefeH 
RqT tfeR % RFR 3qfefe feffe Rqfe qR% feq fe ^t 1 A (= 10 10 m) tl 


(m p = 1.67 x 10“ 


K, m = 9.11 x 10“ 31 kg) 


(a) (i) HR feehili RR TJ^T ykM % 414 4sjfl RRl RRfe 1R# 4) 4 fe ^qf r 1? : 


F = - 


_1_ er 

4ne 0 r 2 


qqT R1 didlcHcb ffe .3i|cfeu| qR fe t#R RRiRT tl qife ^I<=b>4u| qqr 

(fe qfeq qnicqch t) : 


m„ m„ 



F r . = -G- 


qqi m RR m.qqRT: WF RR fe43H fe skqHH tl 

P e 


2.4 xlO 3 




4:i£ 0 Gm p m e 


(ii) q# qqqq r^fr qq f#R tl fetfe fe feq fejR rr ct^tt ^c4i=b#i rr fe 
mRh|U|T qq 3RJ1R- 


47 ie 0 Gm p m p 


= 1.3 x 10 3 


Rfeq Rtf qq qqfen qqRT qq?R i j n f t fe Rtf qq tl rrt! fe ffel t 3Rq 11 tl 
fetife fe ffe; TjRRRifer rr snqrtf t rrt ^Rfq rr qfqqqfi tl RTffe fe qfe 
qq r# fe RiqRffeF rr (RTfqqife #Rqitl fetfe fe feq fe ~ io 15 mt): 
F e ~ 230 N t RRfe F g ~ 1.9 X 10“ 34 N tl 

qq ttfe Rfe qq (ffentfa) 3qjqR qq r#rt t fe ^qrqfei rr qft t %r 
qqr sqqq qqq tit tl 

(b) rr qfqfq qiq rr q^qfe qr aqqfer %q qqr f qftqm q rr feqfer ?ki rr 
qtsTR qq aqtfei qqr qqpf t; qqifq qfeRR qR Rife % si^hh ffer tit tl 
qq qqqq qqr qq qftqm t 


IFI = 


1 


4;t£ n r 


= 8.987 x 10 9 Nm 2 /C 2 x (1.6 X10“ 19 C) 2 / (10“ 10 m) 2 


= 2.3 x 10“ 8 N 

^jhr % qft % ^ fqqqF= ma % 3qjqq feqqfq t q?qR iqqq 

a = 2.3X10“® N / 9.11 xl0“ 31 kg = 2.5 x 10 22 m/s 2 

^qqfl ^i?r4lq qq ^trt qfe qq qq qq feqrt fferqr qqt t fe q^qfe qt 

qfq qq ^feq ^q qq qqrq rfr t rr fe# qtfer qm qfeffe qq snqtfqq ^qflq 

qqr qft feqr # q«fe feqfe t q?qR rpr 3qqfqqr tl 

yicLM % fetq qqqq qq qR 

2.3 x 10“® N / 1.67 x 10“ 27 kg = 1.4 x 10 19 m/s 2 tl 
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<SdU£<U| 1.5 3q4Rld qfqfT A diddl'd % qF) q) PddT4d tl fejclM F?q) 3TCT 

fqjqft srt %ng% a^fcid tMb^a% ^ fqqrq qnqr t fe f%rq 1.7(a )3 
qqrfq; 3Fjqnq % #q qf) ^ 10 cm tl A% mRuiihI yfdch^i cff) 4te 

feqT ^ictt t (<5didi u n^- qtqf qq qqqfldi qqqqT 'jq 4 m=k cran ^nTchd q^ qq qq) 
fqqf) wn qq fqam HNqH)i A^auB^M qf) fqq 1.7(b) qqrfq; sgqnq, qqqqi: 
^HNRid qtqrf c q^T d ^ qqqf qqqqi q m ti dcwid fqq 1.7(c) 4 ' qqrfq; 3Fjqnqc 
qqi d qqr irqjqrq b qf) a % fqqr fqq»q qqqi wctt i? 1% irq% 4fq) % 41 q qf) ^q) 
5.0 cm^t qnq) ti ^qffq fwr % sFpqqAqq fqqpn 3 ^%t qfqqqfq f? q^Aqqi 
c qq q)qf b qqT d % w?r qr4qqq t'i af^t b % #qf % qqqqr qf) ^trt 4 ^q% 
qn^qn qf) qqqT qflPqyj 


( 


A 



10 cm 
(a) 



B 



(b) 


B 


0=^5 


\< -5 cm-H 

(c) 

fqrq 1.7 

fqrqH qfrfqq <i)4l Aqq qq 3qqqi qqaq ■m1<4 b qq qq sqqqi q '%1 <441 qtqf) % 4>s) 


14 








































































L 


%cT 3TT%T cT8^t 


% #Ef ^fT rRT, R% RT: RFt % %R RR RR mRh|U| 
1 qq' 


F = 


4ne 0 r 


RRT rRTt 7JRRT t ’tt'AWB^^ ?M tl RR R7tf TTkTTR % 37R%TR % 
C^AR % RTTRT t Rt ARRT CRT 37% RR ^[SldlR % t 3^7 TTRfkfR IRI 
R% % RT 37% (q/2) % tl % RRTTT, B RRT D % TRRf % RRRTR %' R% 
RT ^HReiRd 37% (q'/2) ttRT tl 37R RfR ARRT B RR RRRR 37TRT TR RTR eft R% 
RT ffRT% RR 

1 (q/2)(q'/2) 1 (qq') _ 


F' = 


47Z£ 0 (r/2f 


4ne 0 r 


RTT RRTTT B % RTTTRART ffRT%R RR 3%=% WI tl 


1.7 ®t^t arrant % ©t^t 

tf 371% % #R MK-wRcb %R RR %k fRRR RTR RTRT ttRT tl R77 %fR f %) 
37% R7 3717% RR RR MPlRidH %t % % RTTkr fRRTR RcfT 
37% R ttRR % R|TR k 37% %t 37k k k%? fRRfR k ffRR 
nkRT 37T%t q v q 2 , q 3 , ..., q n % fRRRR RT fRRR =hlRli<l q 1 RT 
q 2 , q 3 , .... q n % RTT7RT fRTRRT RR RRRT t? W4R RR7; tk % % 

RjTRRT fRRR RRpR R#f tl RTR RTtf% RlfRRT T^R % RRf RR 
RRfRR 77% % RRfRR % RRIRT R%R fRRR IRT fRTRT RTRT tl 
RRT RRf fk7T%JR T(R % RRf R7 kt RP^ttRT t? 

RRTRt £T7T RR RRRTfRR Rt ^RR t % %7# 377% R7 - % 37^7 
377% #7 R77R RR H77 377% RT' % RR % % RT 77% % 
kr R77R7' % t Rf f? 377%% ?77 37% RT - 77RT-77RT RR RR7R7 
R7R7 t/ %# Ttrt 37% £777 RR7R7 W /r/W RR 37^7 377% 

Rk RR%R #7 RR7R RS77/RR R# %/ ?77 3?£R77% R77 %7R 

R% #’/ 

RR 3TRRI7RTT RTf %% RRRtt % 1% #T 3R%f q : q 2 
RRT q 3 % fRRRR, f% fRR 1.8(a) k %RT RRT t, RT f%7 
R7fi%l f%t RR7 3R%, % q^ 3RR Rf 3R% q 2 RRT q 3 % 

RR7RT RR RTt RRR k %R7 37% % RRTRT Rk % RR R% 

RRfRR R% RTRT fRTRT RT RRTRT tl RT7 RRTR RfR q 2 % RRTRT q x 
R7 RR RTf F 12 ^IR ktf% fRTRT RRT t, ktF 12 RTt RlktRTTRT (1.3) RIR 
37R 37%f Rk RRftRfR % fir Rf W W7 ^RRR fRTRT RTRT t : 



O 


(a) 


12 


47Tf 0 r, 


m 2 _ 

2 r 12 



%■ RRTR q 3 % RRTRT q l RT; RRT ^dH RR ft4 F 
fR% RTTk t RRT fkk fRR TTRTk t 


13 


^TR 


(b) 


f% 1.8 (a) RR 37%f (b) R^R 371% % 
fRRRRI 


i m 3 i 


■ 13 


47t£- n 


e 13 


*13 


15 


r 



















































































































rr q 3 % rtrrt q : rr rftt r^ritr rrt tt t, RRfRT srt 3r%t q 2 RRfRRR ti 
w ™ q : RR R) 3 R%t) q 2 cTSTT q 3 % R7RRT ifRT RRT F : t 

1 q,qo - 1 


®1 — ®12 + ^13 ~ 


_ Whj. T _ 

47i£b 4 12 T 47ie 0 


QiQs f 

o *1 ■ 


(1.4) 


fRR 1.8(b) R R#t 3TJRR #T R 3lfRR7 3RRRff % f™ % %TT ^L|<)cW qftcf^R 
RTT <^|L|ct,lcb<u| f^TT RTT RIRTRT tl 

31^k1mu| % iwR % 3RJRTR STT^ff q p q 2 , ..., q n % %Rt fwi R 3R%T q : RR 
q 2 IRT RFTT RRT R£RITR fRRR £KT W\ RRT % RTRTR #TT t, 3}RfR RR 3RR 37T%ff q 3 , q 4 , 
..., q n Rf) RR^Rfa R RRTfRR R# RtRTI 3R%T q : RR RRt 37T%ff £RT RFTT ^TRT RRT F : 


cM F F 

12’ x 13’ 


F ln RTT RfRR R)R RtRTI 3RT: 


Fi = F 12 + F 13 + ...+ F ln = 


47tf n 


m 2 - , 
2 r 12 i ' 


qiQs i 


, , qiQ. r 

*13 ^••• .2 1 ln 


<?i 


47I£- ( 


0 i-2 1 li 


f T u 


(1.5) 


RfR#' % RRIrR RTt RTTRFR Mr, RFRRR R^'ifR % fRRR £RT R%T RW RTRT fRTRT 
RTRT tl RRRR 3 tjcl RR 3 RRRT fRR%f%R7t c£R[TR fRRR RRT 3R-RRTRR % fe^lR 
RR RRT rRRIH fl 

< 5 RlsRU| 1.6 #T RlRRTf q v q 2 , q 3 RT fRRR RfffRR fRRR RTRRT q % RRRF t RRT l 
^ RT^ RRRT1 fR^R % RtRf RR fRRR tl fR^R % R^SFT RR fRR 1.9 3 RRfR 3RJRR 
■ftRR -3R%T Q (Rf qRR RRlcftR) RF fRTRRT mRu||4I RRT RFT FRT t? 



fRR 1.9 


IRT fRR RRI ^RT % RRRTg fR^R ABC f¥ RfR RR 'JJRT BC RF AD RIR F#R Rt 
AD = AC cos 30- = (V3/2) l RRT A ff %SRT Rf) ^f)AD = (2/3) AD = (i /^3)l 
rrMt ^ AO = BO = CO 























































































%cT 3TT%T W 


^r rrrt 


art fTR?r rtrrt q% rrtr£>rt rr,f, = 3 ao% snfeR 

4h£ 0 r 

BRT fRR RltRT q% RRTR £>RT RR,F 2 = BO % 3RjfRRT 


CRT fRRR RltRq% RRTR g>RT RR, F = 


3 

Qq 

4tZ£ 0 

i 2 

3 

Qq 

4n£ 0 

i 2 

3 

Qq 

4TZ£ 0 

i 2 


CO % 3RjfRRT 


3 Qq 


RR7 F 2 RRT Fg RR mRu|| 41 RRTRT Rg^R fwr SIR ^T“p“ OA % 3RjfRR tl 


RRtfRR;,gRTllRRR = 4n£ [2 (* ~ *) = ORRT f, OA% SI^TTiRlR^f^Ttl 
■HhFhRi 'SRI Rt RR TRRI t fR> RR cftRT RRl RR RTR ttRTI 
RR eftfRR mRuIIHI RR R£%T RT RT 3 fert fSRT R RTI fRRTT RtfRR fe RRT fRT ttRT 
RfS fR fRRRR RI 0% fM: ( nRcl :) 60 2 RT ^ u fi RTRRT 'Rlcll I 


RRT?RR 1.7 fRR 1.10 f S#R R^RTT fert RRRTf fR^JR % RT fRR 3TI%ff 
q, q, cTRT -qRT fRRR RRfRRI RTRRT 3R%T RT fRRTRT RR RR TST t? 


q 3 = -q 

o c 

F ^ F 

* 31 * 32 

/ \ 


F, 


F,| = |F 2 = F 
F 3 | =V3F 



l / 


\ l 


F l: 
i A 


>i 2 q, = q 


fRT5T1.10 


F 23 R. t. 

Bn 


q 2 = q 


fR fRR 1.10 3 SRfR RJRR, ART iRRcT RTRRT q RT 3RR RTRRTf ^ B RT fTRTT q 
% RRTR RR F 12 BA% 3RjfRRT TTRT C RT fTR?T -q% RRRT RR F 13 AC % RjfRRT 
tl RRITTT R^^R fRRR SIR ART fRRTT qRT TJTR RR F : t 
F x = F R RST R BC % SFjfRRT RcfRR7 RfRRT tl 

3TrtRT % RTRRT 'JRR % %R -RIRR^R 3TRRT RfTTRRfR Reff RT RftRTR FRRTR t TTRT 


F = 


4 Jt £ 0 l 


RR RRTTT BRT fTRTT RT^R q RT ^R RR F 2 = F r 2 RRT r 2 AC % RcfTTRT 

tl 
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4f% 



(b) 


f%Rt J.ll (a) R% Q R 
<=b K u I fqsjd 8j)R, (b) 3TRpT 

-g% tort f% % 


% RRR, C TO f% 3T% -q^^l^lFg = ^ Fn tl n RR1R R% t 

Rl% f%ZBCAR) RRf54% TOFt %t % % 31J% tl 

>461 Plddi TOT TO t 1% dldl 3TTTO1 TO RF) TOTT RT did TRR t, 3TRf?T 


F 1 + F 2 + F 3 = 0 


TO mRu||H 4)RH W TO) tl TO TOT RTO RT idTO t fR RRTRT fTORT RRT 

t^JTOT % %T %T % % RRTTOR tl TOT RRT R) Pi^Pd 3%T 3TTO1R % % %) 
RT TO) tl 


1.8 f^rT ifa 

RTRT Pl^ifd t RR fR| 31% g^RT fR| O TO RRT tl Rft RR 3RR fR| 31% q, fR| 
P TO RIT TOR, % OP = r, R) 31% Q, q TO %R % f%lRRR RR dll Rill TOT TO 
TOH^RR?) t : RfR 31% qR) TOT <3 Rf g% Rf% t RTT R%? RTO ^ Rt it) 
R^RT?%%tR) PTO31% RFTRT t? TOT 

RT TOR tt % f% RTTfRR %% t SN Rt 3TRWTT TOTJR Rtl TO^ 3Rjm TOT RTOt 
t % 31% g3% TOlf 3#( %R StR RRRR RTRT t TOT TOT 1 } Rtf 3RR 31% q% 
P TO TOR TORT t Rf $R TOT TO RR 3TKtftTcT RTRT tl 
f%) ^rl 31% Q RR TOTOR %R ^ 


E(r) 


9 -r 


47tf 0 r 


9 -r 


47tf 0 r 


( 1 . 6 ) 


TOT r = r/r , ^ % l) %r RR RTRR R% tl TOT TOTO, TT%TO (1.6) %R TT% 
r % %R TFT % % f%T *h RT % RTR RRTR) tl RR * sfo’ TO ^TTR t % f4R 
WR Rtf RldRd TlfR (R) TI%T 3TSRT 37f^T t) RRRRf) t) fts# % TPT MRclRid tRft 
tl 3TT%T % WR R) fq^T ^ % 3TfRR t 4RTf^ %4T RTT tl 31% g^RT 31% 
qR 37R% RRFR) RT W 1RR RTR RRT t : 

^ 1 9? ; 


4 ize 0 r 


(1.7) 


tH% 31% q «ft 31% g R mRhiui 11RF % %T t RlMild RR 31%1 
RRT tl g 1«1 q 31%)' % % f%%! llt)R 31% qwg% f%T % 
% 3R%r f% 37SRT f%%: 4MR 1RR 1% tl 4ft ¥4 31% q^t f%T 
Rt R%r ^RT Rt% % t) RR q %t 3%% R RRT RRT F RT 3^1R RRRT t R) 
31% qM f%T tjtjpur RIRR tl IR TO 


F(r) = q E(r) (1.8) 

RHlR{U| (1.8) f%T % SI RTRRT TO N/C' R TOT R iRilTfTO TORlt tl 
TOT ^5 RRRJuf %%T Rt TO RTOlt t: 

(i) R4)TOU| (1.8) R) TO fRTOf Rl4ldl TO RTOTT t fR lit q RRTR t R) 31% g% 
RR1T f%T ^R RT 3Tff% RTR fRR IRT 311% TOT % TOTRl %T tl fR RRR 
%RTOT R' /Rl# % TO 37%g R71R %R ^R Rt TOT TOT #T TOT %R7/W 
%?7 R7 RRTO t % % RR7R R7% TOT % TO R^ TO? TO 3?^W RTeTT #/ 


* 
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3TT]^ 3TK^ 4 fERjfl % ■% 1R 3R %TOr HUT V/m TO fTOTR fTOn rtrtti 















































































































































%cT 3TT%T W 


FF 37T%T g^ft fFFJF J^F FFRF t Wfr 3JJ^YT F^dldl t cTSTT 37TtFT q^ft TftF 

37T%T % FFTF FF FTtSRF FTTFT t, Ft F#?FF 37Rt?7FTFt tl KTFT FtfFR #1 3TT%T 
Ft 37FFt T|TF 3Tsrf^STf% FT Ft TFFT Flfek,! FFTft, FfF fFTTt 3ntFT qFt g% "FTt 
3Tk FTFt RTTFT FTFT t, eft gRFF Ft 3TltFT q% =bK u l t^JF FFT FF 3RJFF FTTt % 
fRTT ^r%zf ^ 3tr FTT^t Fft ^7Tt Ft y^pd jfRtl ^Tltt j^Pki FF %FFT RFT Ft eSHld 
t fFT FF q Ft FtSRFtF TJtFT FFTR, FF FcF F FtaRjftF WtFT FtFT t FTeJ 3R]FTF 
F/q RFT FftfFF Tjf?T Fttt t FFT fFFJF $F Ft FTftFTftF FTTFt t : 

E = lim — (1-9) 

q^O q 

FF FFTFT (3F%TgF7t 371%T q Fft FFftFft % FTRFT fF^T F Ftt ^FT) 3 IjfFF 
FF RFT oqiq^iRcb e^FTF FF f % 3F% Q Fft fFFFf FTPdR^ FTrft £RT 3TFFt 3TFftFft 
FF FRt RFT FTRI FF fFcTSFT FeftF Ft FFTFT t, FFJ ^TFFR t t^TT Ft FtFT tl FF FF 
Fltltld Fft FFFR! FRF % FTRFT FTtSRF 3F%T q FT Fit %F FcT FF fFFR FTTt t 
(3RJRk 1.15),FFFTFTFT 3TTtFT,RRT tr FtFT 3#fe FltRld FFFFf £RT Fit FRft 
% FTRFT 37FFt FFftFfFFf FT Ft Ft T?t tl 

(ii) FH FtfFF, 3F%T Q % FTRFT fFSJF ^F E Fft FftFTFT FFjft FFTFt FF tl FTtW 
3TT^FT q% FRt t Fft FTFt t, FFlft FF qFT fttr FFt FTTFt tl fFFTT FTRFT FF 1? 
fFTFFF37T%q% F^FFIjMIdl t, $nRdU, 3RJFTFF/q 3TT%T qFT fttt Fit FTTFT 
tl Q % FTRFT qFT FF 37T%T qFft fFTTt fFFtF 3TFf^FfF FT 3TT% g% FTF 3fk 
% fFFRFTF f FTFt Ft Ft FFTFt tl W FFTR Q % FTRFT fF^F ^F E fFFRFTF 
f%TTFT r FT Ft fF^T FRFT tl FTT^ fF^TFTF f 3F%T Fft MFF ftFfFFf % 

Ft' fFFJF tF E % iFFT FFT WF Ftt tl fF^F ^F FF 3TftFFF fFfFFtF fF^TFPT 
% FetFT fF^ FT FtFT tl 

(iii) FFTtFT % FTRFT fF^F tF 3F%T t FTFT Fft 3#T TRgn Pd^ld FtFT tl FTFT IwtF, 
Fft RTF 3TTtFT FRFTFTFT t Ft 1FFJF ^F FTIfFT, FT % FT fF^ftF, fFTTJ 3TFT Fft 3#T 
TR^TF ttFT tl 

(iv) "$FT 37TtFT g% FTHFT FTT^FT qFT Fit FFT F FF FftFFT %FFT FTT^FT gt FTT^FT 

q% FtF Fft ^ft rFT fttr FTTFT t, fFFJF ^FEFF mRfI u I tt %FFT ^ft rFT fttr 
FTTFT tl FF TTFTR, FtT^FT Q t TTFTF ^fftf FT FTRFT FFRF ft^F tF E FF 
MRFIUI FRTFFtFT tl W FTFTR fFTFt ttt % % FT ftFF % FfT^FT % FTRFT fFSJF 
tFEFF MRFIUI FTTtr ^ % FT fF^ FT TTFTF FtFT t; t, FF ^F ttFftF 

FR t TTFfFF FtFT tl 

1.8.1 3TT%ff % ftcblil % cFRUT f^rT ^ 

3TTFR, q r q 2 , ..., q n 3FFFTt % RFT fFFTTF FT fFFR FTTt t fFFFT fFTTTt TJFT fF^ O 
% TTTt^T ftFfF TTfFFT FTFFT: r r r 2 , ..., r n tl fFTTTt RFTFT 3TTtFT % FTRFT ft^TFRT % 
fFTTt fF^ FT fF^F tlF Fft Ft tffF 3TTtFTt % fFFTRT % FTRFT ftFTTFTF % fFTTt fF^ 
FT fF^F tF Ft FTTfF^ FT TTi fFTTt RFTtFT FFT%T ^RT 3T^FF fFTR FTt FTct FFT ^TTT 
FffFTfFF fFTFT FTFT tl FFT FF FTFT FTFT t fFT RFTIFT 3FtFT % FTRFT q r q 2 , ..., q n 
37TtFt Ft T^TT ftFfFFT fFf&T FFt Ftetl fF^ P, ftt ftFfF TTft^T r T*RT ftft^ fFTFT FTFT 
t, FT fF^F tF Ft fFFfftF FTTt % ftTR FF ^TTTF fFFR FFT 3TtF|<|qu| % %RI FF 
FFFtF FTTt tl 
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tofttot 



% 


ftor 1.12 sntotof to toFT to rrrr tot 

fip| RT tof ■qa^-TjxRT Rrtotof to rrft 

rr fto^ rt %cf toto to RftoT totr % rtrr 
tolRT 'll 


RtoTr 2P 3RtofTq 2 toPtot f^Rlto to^ ; Frtot^r 2p 3tolq 2 ^ 

P % #5f tot ^t to I ftot RRTR % tolRT q 3 , q 4 , ..., q n Sfltotof % 
ftojR totot E 3 , E 4 , ..., E (i ftotor RT RRto toi 37 %^i<1h u i Pr«si<i uri 
3toff % ftoR % RRW r 1 R fq^T ^ (to 1.12^to^3^FTR) 
W ™ ^IRR tor "^TT RRnTT to- 


1 


E(r) = E 

Ql i , 1 


, (r) + 

q 2 


E 9 (r) + 


1 


+ E (r) 

n v J 

% 


Atie 0 r lp 


4ne 0 r 2P 


4^o r n 2 P 


E nP 


E(r) 


Qi- 


47tf 0 i=i qp 


2 r iP 


( 1 . 10 ) 


E r=ft RftoR Tito to ftoRRR rft ftoRRRTR to'R^fto|to^to;fto|R!;RRrR!; qRqRd tot 
rtrt to rrt rr to stoff tot ftoiftotof to f^rtofto to toi 

1.8.2 ■fa^rT $W W ^frfto arftoTFT 

37Tto 3IRto tot RRRTT f % to to ftojR ^ tot RRRTT 3 toto to RRTRT RT TRT 

toi to tot, 3toff to ftotot tot ftopi % fto; tot to to fto 3ito rt rrt rri 
to fto to tot to^ cPn 37totototo^Rr (RtotoRRTi.5) totoffto fton 
rrrtt toi fto fto w R^tof to to ywiPdd tor fton rt trt to? 

fto%ftot to fto; fto 1 ^ to totoRRRTT djRR tot to Rd rrrr to 3 rrrrrt to 
toi fto to srrtotot to ftoto ftopr to tor RtoRRR <to 3tototo to rr Rftoto ^ft 
rrtr toi 3ntoff to Irrrr to to to to ftot^RTR to fto to ti Ir^r to 3rrqto rr 

^RTRTT t fto IRRRR tot fR!|5R to; to RfR W to X R to WRT RdlcH=b R%R 3Tto 
T# tot RR ftorFTT RRT 3RJRR R^RTI ftojR to 3Ttof to toTR RR Rcfl 3#TRT^T t RRT 

fR^d to to tototo to fto; smto uri RR fto Rd dtot Rito Rito x Rf^r cr T 3utoT rt ftotor 
tot' rrrti totot to to rt^ rr rrrTr ^rtrrt rr- to ^ft Rto tot ftoto Rto to fto; 
ftoRT ^TRT to, to Ito^RITR to H<to=b fto ^ Rlfftoto tot ^JT Rlto RRT R^I fto ^ ^Flf 
fto X R Rftofto totto toti "ffto rrt toto toto to, 3 rt : ftoR tor r^ toto Rto toi 

Rtoto fto^ ^ 4to toRRRRTT tot RTRlftol tofto RTtofRIT RRt RRF totto to ^IR 
RR ftoto^Pdtol to RTRT ftofRIRR RRctotol ^dto^to MPiRidlto to ^RRRR RRto tol 
RTR toftoT RR totol Rto to RftoRTR tot ^R«r 37ltotof q 1 RRT q 2 to toR tot RR RI ftoRR 
RRto tol 3IR, RR SlftoRRIR RRd fRRto totf totoR 3IRRT ^RRT R^I RRFT to ^Flf Wd RR7 
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%cT 3TT%T W 


TORTO#t,RRRTOmRtTOR[ctl WTOTTO.q^q^f^RfdTOTqRTRTOdRRTTO 
TOTOTR¥ft]RTOTOI TORRT (q^RfcT) cTSTT RRTR (q.jTOTOT) % #R ^ R ^ TORT 
fTOTOT TOTTOT ttTO tl R#' TO RT?fTO TOT t fTOJR ?^T (wt 3TRf if %TOpTOfa *h) TOt 
TOTRRRTT TOTTRTfRTO Ref 3# TOrM 11 «N TOT fTOTTO W M t: 377#W qj Wt TO/TcT 
Vfrf tyd&chly dVf ’3c c F~I TOR# t *ft #TO J7TO7TO TO? TOTO # ^d*<q 2 TOTO TOfTO# # 

TOTOq 2 to tor toto# #/ to] tortrett tort fror# tot tjtoe tot 3 twItotet toe# 
ti w m, TO## %tt tott ^ttoRt to# to) tojtott %tot to##] to ^t#t ref# (to#) 

£RT tt TO? TOT RTO#) t, TO# 4ifdTO TOTO ERTT TOETT t, # ETTO dRldld TOFTTR tt E#T tl 
^ET# TOE# TTO7TO E##7#t, 3TTO#T if TOT# f#TO# % TOJER fTOTOfTOT tt# tl if TO# TOT 
eRtoTOT #t TOR TOE# tl fE MR, TOTOT#?ET #£jd^#TO#d ##i TOT TOlf TOTO fTOE TO#R # 
TltcTT TOTOT TO# fTOTOT TO TOETOT t, TOTOf iRTOfH TOR# TO#T %d-#TOTO#d ##f TO# TO## 

#TOT tl #TO TO# 3TTOTORTOTT TO#TOTOTO #RF# % MWlRld TO# «# #t 4f#TO# TO# TOgTTO 3TTOTORTOTT3# 
if RM ETOTO# tl 


3d HR u I 1.8 TOT# :5dTOdH 2.0 x 10 4 N CT 1 mR'H|U| % q.dvHHH fTOlJTO #TO # 
1.5 cm^ TOTO #RTOT t [#TOTO 1.13(a)] I #TO TOT Mf<H|U| REFT El# fR fTOT# 
f#TO 3cTO>Rld TOE #t TOTO# t TOTO 3TTO TO## y)d.Td W #^T # ETO## t# ^T# TOTO Plldl 

t [froro 1 . 13 (b)] i #df y=h<ui7 ^fq^^^f)^ tr qft ¥Hi qftfMTii fBqfRfts# 
qf] ‘TJFR % 37 RRt gqq TO 1 ^ ^TOR dPR^I 


+ 

(a) 


(b) 


cjq 1.13 


IRffror 1.13(a) if ^ 3MR^yl t, 3RT: RRRT^fTOT eE mRb|U| R7T 

31%# TOT TORTT t, W EfWZgf ^ TOT hR-H(U| tl 3RT; ^q#T TOT RTOFT 

a e = eE/m e 

R^T m e WfaTOT TOT sT^BH f I 

fTORTTTOTO ^ 3TRR TOT%, f^TOF % ]JTOT TOT ^ h ^ RTTO fTO^ R TOTT 



eE 

e = 1.6 x 10“ 19 C, m e = 9.11 x 10“ 31 kg, 
E = 2.0 x 10 4 N TO 1 , h= 1.5 x 10“ 2 m, 
t, = 2.9 x 10“ 9 s 


fror 1.13 (b) R 3TRpgrit t, SET: Rdl^Rld qfeRTeEMRq|U| TOT 3TRtgT§t TOT 
3T^RR TORTT tl TOT: RtTOT TOT TOTOT 
a P = eE /m p 

RF m RtTOT TOT TOTOTTR t; m = 1.67 x 10“ 27 kg I TOT: RfeRT ^RT RrR R fFTO 
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In h 

tott w t= — = 

P \ CL„ 


2 hm 


eE 


p = 1.3x10 7 s 


W »n, toft ^ct fro^ 3 TOt top (TftsF) 3 #rt im im tl % snfrr 

T[TO w’ 3^ w w 3 TOt TJR fTOTOT t TOffTO ^fPR % 31#! TO 3 TOR 
% TOTOTFT TO fTOfc TOt' TOTOTTI RH tlfTO* TOT TOlt TO TO TOR MpRbPdd 
TOlt TOR RRT TOt ^^TT TOt tl TO TOTOf % fRTT fTO TOT TO RRTOR 

t, 3 top; fro tjtt f^r j^r 3 pteR to rrp pfrofTO top* t: 


a„ 


eE 

m p 


(1.6 x 10 19 C) x (2.0 x 10 4 NC 1 ) 


1.67 x 10“ 


1.9 x 10 12 ms 2 


kg 




u 

/ 

} E . 



/ 

E 2C\ 


/ 

/ 

0.1 m/ 

/ 


\o.l m 

B 

*/ 


\ 

A E * V 

1-- 

->u-►*- 


f 


0.05 m 0.05 m 

fTO' 1.14 


0.05 m 




TO RRT RRP ( 9.8 m s' 2 ) TOt TJTrRT 3 3RTO fTOTFT tl ^TOFT TO TORT 

tt fR RRT 3 *ft 37fTOT tl TOT TOFTO, TOT TOITOP 3 RRT % PPR TOt 

TO^STT TOt TO TOTuft tl 

TOTfTOT 1.9 TO % STT^Tqj dRq 2 fTO% mRhRI TORT:+10 -8 CdR-10“ 8 C t RF 
^^O.lm^TOTOftlfTO 1.14^TOlf^1^3ffA, BTOTCTOfTOJd sfo MpRbPdd 
TOpRI 

E, r 
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TOT TOT^TT q : % TORT ATO fTOR RfTOTT E 1A TOf TOk t dR TOTO 4pR|U| 

= (9 x 10 9 Nm 2 C 2 ) x (10~ 8 C) = x 1()4 N ^ 

1A (0.05 m) 2 

TOPT%T q 2 % TORT ATO fTOJd afc RfdTO E 2A Pt plf 3lk fdf^TO t dR TOTTO mRhRI 
E a % TOTH tl TOT: ATO cfTO ^ E A TO qfRTTO 

E a = E 1A + E 2A = 7.2 x 10 4 N CT 1 (TO TO TO fdf^TO t) 

TOT%T q 1 % TORT B TO fejd RfTOTT E 1B «nf 3 tR fdf^TO f PR TOTO mRhRI 
























































































%cT 3TT%T W 


= (9 x 10 9 Nm 2 Cr 2 ) x (10~ 8 C) = x 1q4 n ^ 

1B (0.05 m) 2 

'WTO q 2 % EETB B BT fBSJB BE BRET E 2B ETf 3TB RlfR© t BBT EEEE mRh|U| 

E 2B = ( 9xl0 9 Nm 2 C- 2 ) x(10- 8 C) = 4 x 1(j3 N ^ 

2B (0.15m) 2 

B BT ^fET fBEJB 8JB EE mRh|U| 

E b = E 1B - E 2B = 3.2 x 10 4 N CT 1 (BE Blf 3TB Rfe t) 
q L cTSTT q 2 E Trc^T^T % ETTTB fB| C BT fq^TT sfo EfEET EE mRhIB EBH t, 3TB: 
(9xl0 9 Nm 2 C 2 )x(10 8 C) 


F - F — - 

^1C ” ^2C ~ 


= 9 x 10 3 N CT 1 


(0.10 m) 2 

EBR^BfEBfETtfEBTEfBB li-t-ReeMe^ tiEBkEfEBik mRuiih) eReEEB ftBm 

E r = E, cos — + E, cos — = 9 x 10 3 N CT 1 
3 3 

e eR 3tB ii 


1.9 fejcT 

fE3BT 3T3EET B BeR fejB $B BE BT^BBB fBTBTI BE E^FT TTf^BT TfftT t BBT IE EfE# 

Bit BTfB Rt fBEfBB BE BEE) 11 3TTP fBTEt fB^ 3 TT%t % BTTTBT E Bit PBBIcHB POf'PtB 
BTEt BIT BBTE BeB tl EFT BlRm. fBj| 3TTRBT pT fBj| BT ftBB tl TeBbT fB^ BT fB^B 
Bb Bit %TT % 3EjfEE E%B Ent p 8^1 Eft BtBBT Eft 3TTJETi%BT BbR % EfEE 
TsjTPBMJ ^BT fBTEt fR| BT fBEJB ^B BE bRETB 3TTRBT R BE fB^ Eft 
pt % W\ % c^TBTETJER BBBT t, HBT fk% R ^T eR BT EfBE Eft 
BTBlf fBTBT BBBt ETBt t BBT EEEft %TT eRb bR^I 3TTtB E%B 
BTTBt tl fBB 1.15lEt fBBW BT) B#BT tl EE fBBW t BEkfT TTk \ 

fB^B sfB EBfB BE Bk % BT fETB EEtR BE 3TT%T BT BTeR 
BTETT BBT E#BT tl E^T fEET E E%B ETEt BTEf Btff BTT fEBTFt BT ETET 
EfTETTEt fBB ^B klT BTt Ph^RmB BTETT f I W EBTR Bp Et ^B 
klR ETET EfBt t fBBk EEf fB^ 3TT%T k BTET Bit 3fk E%B BTElt < 
tl BBT 3TB EE} fBpT ^B Bit BfBBT EBBT EffETE % fBEB k BHBlO 
W BE Bt t, BBUbT BE Bt Bk Bft ETbR E EeR «ft? BFfl 3TB, 

^B % eReTB BTt ^B R§T3ff % BBTB BET fBEfET fBTBT BETT f I 3TT%T 
% fBBTE E EBB ERTT f I 3TB: 3TT%T % fBBTB ^B R§T3ff BE BBTB 
3TfBBT BtBT t BBT ^B RlTB EBB BTBt tl 3TT%T R p BT% ET ^B ^#T 
RtBT BETT t BBT ^B RlTSff BE BBTB BTE RtBT t eReTTETBBE klEt 
Et p-p BtBt tl fB^ 3 T|Rb EE ^Bl 

BTR EqfeT 3TfBBT RbR T#B EBETT tl Ep RlTSff Bft ET^TT EETB^f Btf tl BTETB 
E fBTEt ^B R 3TET^T kint TlM BT EBTBt tl 3TB: EETB^f BE t % MEB BBf' E 
RBT3f) : BE 3TT^fkBT BBTB BBT t? 


\ 


t 

t 


■.©.■ 


/ 


/ 






I 
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fqq 1.16 f^lcT afq ydddl qft ^ft 47 
fq#qT Tran ^qqrT afq ^usrf qft we 3 
#ii 


qq we? % y 3 ^ f^f t 37®^ qq fgfaqtq fqq 7#qft t, 
qf<J qq #T fqqTSff ^ Tqft tl 37q : qfq qt $q t§T3ff % qqcq qq 3T|cbdd 
qRRT t eft qt qq t§T3tf % qfqqq 37^TF«r qq Z % qft tqWT f 
tq t§T3tf qft #MT -qr ftWR qRRT qtqT tl ^ft# 1## f^ 371%T t ^ 
% qt % 3PjqR fqipT tq qRT qtqT qRTT f qqT 37RRT qft qftq£ qqt ^MT 
$q <|t # qt # 3pjqR qqqT W7TT t, MP<d4 Rt gq# qi# $tq tMaft 
qft tom •H^q Pi'dd qqqt t, qTt 3 hicRi t ur tq qft ^ft tt qti 
qqt antq trim; fqqRsnq % fqftw fq^tf ft 

fq^T tq qft %TT % fqqq f gddlt y|dldl fl ^R5 tq tlT3t qq 
qnpqq i#qt qq fqpqw fq<|3tf qq tq t§T3tf qq antPqqr rts^t qqqr 
(3}qfq 3Rqpqq7 Piq^dl) WT fq^3t qq fqijq tq qft 37T^fqr ydddl 
tftq qeqqT ti q^T $q Ram, qqqq ttqt t q?q tq qqqr tRrit rrt q*q 
^q-^tttt tq?T^#rFfqi ti fqq i.i6t tq t^3t qq qg?qq qqrfqT 
qqT ti ^q fq^stf r q?TT s qq qtr qft tq t§T3t % 3ttqqqq tt rff 
qqT *tt ^q qqqqf qft qqqqT qR Wfti tl qqt ROT t FT Rqqqf 
qq qqwt q#t afq tiTstf qft wm qq fq^tf qq fqsjq ttf # qfqqqqf % aig^Higyidl 
ti fqqw qq- qqfqT tfqefq^Rqq^q, fq^sqq^qqet gqRT f 3Tfqqe qqqr ti 
^qqwr qq 3qqqT ^q 3yqqq ^iqr 3qqfqq qq qfrq qq, #q tq^Tarf qft fq^qqT q^ 
qrq# % fqfq 37^13; pq ^qqeqr 3tq qq qrW (qf qe# qq #r fqqiaff t ^qTqqetqqqi 
t) % #q qqqq qqrfqq qr# qq qqiqr qeqt ti qiq qrtfqq qf fqqT3t t fqqqt (qrqqqr) 
qe# q>t qfqqiqi fqeqr qqqq qPf qrat ti qn q?tf#3; qe^ qjter argqqq feT aiqqq Affq^ 
o^r ^tqq qq§T qiqT ti qq o qq Al ^rt 3qqfqq qe# qq qrRqqeqq a 9- A1/ r% qq 
^ fqqq ^t qiqqTT ti wt qqqq, #r fqqiaff t fqqet qfqqq ^q asirt ^qt rqq 
qqfqq qq qqq qt Ail = AS/^^rqq fqqq ^t qTqqq ti qq ^nqt 11# fqeqft fqq qq 
qq qe# q arRq ^q ^q§r3t qft qq^T qqqiq ttqt 11 fqq 1.16 4' 3 tt%t qt r, qqT r 2 
^fqqf qq fqqq qt fq^3tf P : qqT p 2 % fqrc; qq qf# Ail qrq p : qq 3tqfqq ^q aiqqq 
/-j 2 Ail qqT P 2 qq 3qqfqq ^q arqqq r 2 2 Ail ti qq atqqqt qft qqq# qTqft ^qqT3tf qft 
qq^n (qn qttf#T n) qqqn ti stq: qqrtqr ^q arqqq qft qqwr qrqrt iquaff qft 
qt^n p 1 qq n/(r 2 Ail) qqT P 2 qq n/{r 2 2 Ail) ti w qqqq tw t fqr qq ^iT3tf qft 
qfrsqT 3tq ^RlRriq ^q-ydddi tw qqq ^ l/r 2 qq fq^tq ti 

^q ^q§T3qf % fqqq qft iitq trqrt t aii^Rid Pd^mT % qTqf 3ftq fq^q ^q qq 
qTqqr qqq^tqqqT qr# % Trqr 3fq<f?ff arqfqqtq wqq qft fqqrfqq qqq) % fqrq; qft «fti 
%qr£ t qc7 fMrfqrqT qn w qq Rwhch< ^qqffq §fqf # qqrqw w 

#/ ?q# /#? 37fl/qr qfw qq ^tq p %q aqw ^qqffq; # /q# wqt fqq jqqqr 
q 3pnm ii 

qqr qqqq fqsjq ^q fqqn? aqmf % qrfqfqwTqr % wfr' btr fq^q sfq % fqqrcqqr 
Pd^yui qq -qcf qqrq ti ^TTqqr qdT f, fq^q ^q fqiT q^ntnT qqr ttqt t fqqr# fqrqft 
qt fq^ qq qqT qqqtf qqr fq^ qq w\ qqr qft fqqTT qft fqq#q qqqT ti w qqr 
% fqqet fq^ qq, wj qdT qt, qqqff ^rj fq^q ^q qft qt qr'qTfqq fqqTT3ff ^ rT qftf qqr 
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qq qfRT ^T>j qft qq? ttr 'i'l R fwqi % qfff qiPl fqq qq wf % qfq#q qq IqqR qftfqqi 
qfqr % qq ch'I'Ji Ail qft qfqqrqT f4 As/R 2 # qqqq qiqqrq qrq^ t, q?r as qf^ qrqi j ilPl qq 
qqq qqr ^qqw ti 
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fhT <v?lH % Rdd, FFT FF cfk FF fFT? hlhd F>Tdl FTI'd^FF tl h 
tM FR If'RTFTF FF7 3RfF FtF fhh R FFT hit ill 

thr 1.17 ^^5 wr 3 tt%t thro h hr hft hrhhhFt 
h tl hrT fh Fhr Fh ihFT ft fjff t, t hr ht #T f¥k 
f^siFT R t frIf thr t h’ hF fr Fh f#ft fft tl frft 
FF lhT % cfTKUT h hq; f^RF: (3RtF) Ffhh ht t FFfh 
■q^r FrhFT h ffrt h ht fhrF: sRpf# ht ti h Fdihii 
(q, q) % IhfFF % RTF 3TK Fit h ht MKRTPiF yPdhl ^T F^F 

htF feq fritt Fht t hh liRhiui f rrtf h fhFtF hm 

(q, -q) % hTF, hcT fht fgigF h h h h ht hh % 
#qwwfe 3Tihi hit ti h ht ^ r^rf[4 rrtr 

FF FMF FRFt f- 

(i) h ht FFh RT hr tlFF FtFTlhT FF RRTFT ht t I FfF Rh 
■q^TFT t dh 3RTF FT hr 3RFT h FI RRTFT tt RFFTt tl 

(ii) Idvnl 37Th T]FF h h h hhf Fit h RFF FFT RTFT FT 
■Hd-idl t Ft FFtt ht Fhl 

(111) Ft h hq, FFT-^FR hi F7FTfF Ftt F>l<idl I (FfF ^t hlT Fit Ft 
yldhdd F7 h Fit <hcd F^ fhTT ht hit, Ft fhh 'tl 
(iv) fh%F hr ht h fjf hf FFTFfi fr fh]F hr ht 
RhllcHF RTfh Rf R^llpRd t (3RFTF 2 th) I 


1.10 ^rT LM'cfff 


fhh ds ahwr h hh ^ h FFih 3ifFhdd v hq ^ -q^rfh hr 
Flh fhet sFf % -q^TF FT fhR hlldqj % FFT¥ ht FF fF h 

h Fftr F^Tlh FRF t Tph FTh 3 TTFFF D dS ^R FM ht t FFT 
F¥ FR FFT FT ^jh FTh FF % FFTFFT h fhfh Fht tl FfF W 
FFT ( 1 JR) F 7 3 TfFFTF FF % FFR ht fh F^l v % FRFR h 
t, hlFhhfdFhTFFFTthvhhFFFFFT^FhrF hw 
DdScos ehn 3 ft: ds^i fir hr frit ffifft v. n dshu tl 

fF^F hr % FFFFT h fh, FF FR FFRJFF Flh h FftFlfh 

Fh t hk h %cf FdTRTFh tl 

FFlfF h FF RTF t FUFT Flfh fh FF-FFTF % FFFFT % 
(FMlid h qi-^fdF) twtr % 3FJFR hTW FtR Fff^T FTT F^ J?F7FFtf tl 

hn Ffh iF^F h hh h Irff t Fh hT fh fhrt 

fF^ FT h h 3TfhFFF h FR1F7 hw ^ FT# h hTRf 
Fit FRRT FFT fF^ FT fhjF h FFFIFT Fit RN ht tl RIFF FTF^f 
FF t fh FfF RT that fF^ FT E % RfFFTFFF F^ AS hw FF 
hi FRFFftF 3TFFF h h RRf FlFft h hT3lf Fit FRRT E 
AS% 3FpFRFJFTFt tl 3TF RTF dlPdq, FF h 3RFF Fit fhft 


* FF FRT ^5fFF Fff t % h tM3Tf RTT isll EAS % RIFT tl FTTFF t 
h hiarf fF dlsdi hi Ifff t fT sr fert h hrq dlFd ft frt Fh 

t, FT fdtr tl am: M*FT f^Ff FT fh FF fffr t Rh firT h thf 
Ft antthl •HOdl % RTF tit t tt fFFt FtfTlF FTsiFFI tl 


■%cT 3TT%T cT^TT 



q > 0 


(a) 



q < 0 


(b) 




(d) 


1h 1.17 th-RF 3TTh PddTU|]' % FFTF 

h hTRI 
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f%TR 1.18 E cr«TT n % #R ?]RRR 0Ry 
RedRR Rdt fR^fcni 


Rdfd 9 RR ^JRR tl RR^d t 3dR RR $RRTed 3dRRR ft 
TJFdft FTedt afcr fdR13df Rdt RdRsRT RR FTRftl ^fRd E % 
3dfRedRRR $RRded 3PRRR ASRR RajtR AScos0 t, 3dR: 
AS 3 TJFFt ^ft aN fRsfTAdt Rdt RdRsRT E AS cos 9 % 
^jsbHI^RIdl t1 W 9 = 90° tteTT t eft $R fun? AS % 
REPTR tt FPdt t 3|[R IRTRd Rdt^ Rt fdlT R#' ?]FRRt 
(fRR 1.18^01 

R||R ft RTRRf f afRRded 3PRRR % mRhFI % 
RdTO-Rdm RRRR fR^fsRTTRR Rt H^eR^f ^TT tl RRTRRRT 
% fpp^, (rvr! Fed-RRTR t f^FTRTf fRR Rrt 'J^K 1 -) Fle^ Fed 
RR RRR|U| RFTRTfRRd FR ft fR RRT RR fR^R RdRRT t fRd 
3TTR Fed RTRT t ft fRdR RRdTR RRdt Ip; tl Fit 3dTR fRt 
Fed-RFF % 3dfRcMRd RRRdt t ft ART RRt fRRdfFFTRdf 
Rdt RJedRT f fR fsRTTRT t fRR ft 3dfRRdRR Fed ^JRfRTI 
fRdft RR fRFdf fRRdedRT t % ^WR-3™ RR RdfRRT 
fd RTRTR RFPTT FTfpi fRdt RfRRFT % RTF fRRTT Rt ttft 



AS = ASn 



fFF 1.19 3dfReTR 
n RFT AS Rdt RfRRTfRR 
Rddt Rdt mRmIcHi 

26 


tl THRddld 3 )r Rdt fRRTT %ft ffff’R Rdt FTE? RTC FR ft Red RR 3dfRedF Red RR 
fRRdfspFTR fRf^R RdRRT tl fR RRRR RdRRedtF flF RdfRRT Rdt fRRTT fRd% 3dfRedF % 
3d^fR?T tt<dt tl 

fRdRdt FffdR 1 JR3 % $FRded Rdt fRdRdt RdfRRT 3 RdR RTR^ %RT ^TRT t? RR RR 
' R7RRRT RTR^ f % RfRRT ^ R^R ^ ^RRded 3RRR#' ^ fRRTfRR f I RR^ R 

Re^RdWter ^RRded 3TRRR RTRRedtR RPR RT RdRdRT f 3ffR RR^T RR^tRdRRT % 3d^RTR RR# 
RdfR^T RdRRJ %RT RT RdRdRT f I 

RRT R^d Rdf^RTT RR «RPT RtfRR;i fRdRdt ^RRded 3dRRR Rdt fRRT RRd% 3dfRedR % 
3d^fRRT RtRt tl RR^ 3dfRedR Rt %RR RT%R RdR RdRdRT tl fRdRdt ^RRded 3dRRR ^ RdRdR 
RdfR^T Rdt fRRT RR RRR fRdR RRRR fRdRT "RTRT t? RR RdRRRT RR RdRTRTR RR RR^ R RdfRR 
^dR? RfRRTfeRf % fRRfdRT RRT fRdRT RRT f I RR % RRdRRlf % fpTR RR hRhIRI 3dfeT 
RdRed f I fRdRdt RR ^ ^d RR^Rd ^RRded 3dRRR ^ RRdR RfRRT Rdt fRRTT R#^d# 3dfRedR 
Rdt fRRT Rpft Weft tl RRdt Rftwt RR RRRtR fRR 1.19 R fRdRT RRT tl RR RRRR, fRdRdt 
RR ^ % fRdRdt fRR RR ^RRdRd 3dRRR RdfRRT AS RR RPT AS n tteTT t, RRT AS 
ajtRRded RdfRRT RR RfdRFT RRT n RR fRR RR Rfpjdlt 3dfRedR Rdt fRRTT R RRdTRd 
RdfRRT tl 

3dR RR %R RedRR Rdt RfRRTRT RR 3dTt tl fRdRdt ^RRded 3dRRR AS ft ^jRdt RT^ 
■^R RedRR A0 Rft RfRRTRT fR RRdR Rddt t : 

A(j> - E-AS = E AS cos0 (1.11) 

Ft RR^ Rdt RfFeT W ^RRded AdRRR Rdt RdTZt RTedt ^R fdRT3df Rdt RdR^TT % 3d3RdRT^dPtt 
tl RRT 9 afR 3dRRR AS RRT E % #R RR Rdfd tl '^RR HRHIcfl % 3dfRTR RR ^ % 
fRF; 9 3tR-3dRRR RR R%^dlt 3TfRRIR RRT E % RfR RR RdtF tl «FR RtfRR;, RR 'sfRRd 
E AS cos9 RR ft RR ^ fRRTR RdR RdRdt t: E (AScos0) 3dRfRERR ^R-3dfRedR % 
R^R RR E TfdT, 3TRRT E ± AS 3dRfR ^R-ATRRR RR 3dfRedR % 3d^fRRT E RR 3PRRR ^JR 
^R-3dRRR RR RfdRFTI %R RedRR RR RTRRd N C _1 m 2 tl 


















































































































































































































































%cT 3TT%T W 


-H-h!° h < u I (1.11)% 5757 %IJ5 557577 5$ TJcT 5f75757 5$ ■Fl.&lTdd'i 55 %, Id-vR! $% 
57( % J J,' J I^ 5T% 'J5 45577 5$ nRchlcld 577$ 4 dHdld 577 775>$ tl $77% %$( 

5% 55 c b<di wtrTT t 1% 55 5551 ^C’CJ 5$ t$$-% 1$ $54)<n 37<44 < 4) % f55iRid 577$ t 
3$7 ffcR 5c$57 37555 $7 %TT 551577 MRd^Rrld 577% 73% $%<*>< 7f57 551577 5757 577 
5% tl 375: Y 3 S% TJ57$ 5T577 ^757 557577 

0~£ E-AS (1.12) 

557 FlRH^dH f5f7 5T5T$ 577 57775 55 t f% 55$ $1$ $5575T 37555 57 f%J5 $5 

e ^pfr fro ttrt ti dRidld 7*5 % 5¥ %55r ^trY 557 % t 55 3775 ttNt as -> o <$ 
557 FIHl<=b<u| (1.12) % %5 5$ Timdd % 7*5 % 75555 57% 

1.11 %rf|^ 

hRhiuI % 77575 5% Rl5ld1d f%| 37T%$1 q cTSTT -q 577 5$^ #5 55575 2 a 

t, %5 /t|F d^dldl t I %57 371%%' 5$ y'dlRld 577$ 575$ $757 f%J77575 5 f5777t f%57 
5$ 5f757f55 577% tl hRmIcH % 3T2TTTT -q % q5$ %TT fg^5 5$ f$5T7 5£dldl tl -q 
557 q 5$ 375f75f55f 577 5?5 f%| f%g5 577 %5 4>Sdldl tl 

57537 755 77 %1J5 fg%J5 577 ^>57 37T%57 5^5 %57 tl 57% ^77577 57? 37«Y 57$ t 1% 
f%g5 577f%J5 $5 5£5tl %T% 37T%5q557-q% ^->25575 t, ?5% 577757 f%J5 $5 
55 %% 5fr$ t 55 % 7247-^77$ 5$ 557% 755 % Pl77d 57% 577$ I 57% fg%|5 557$ 

5T% 37T%%%^5575 5%35T57%^7l 37f557(r>> 2a) t, TTt qf35-q% W^F $77 77W7 
RtTTTT t7 ^nt tl 3777: 37^7^7 ^77 %77t %77 % ^TT^ f^T $57 1/^(5^77 

37T$?7 q% ch K u| f5[^77 $^ r'CR f$$77T7) $ $t 37f$^7 ttRf "$ 55 '^57 ^IT7T7 tl 55 
5577557 57757 5^$ f55 55 ^7W 5155775 $ 575^5 5 ^ t: 

1.11.1 cT??cr % cFR5T sjY? 

37T$$f $7 5577 (-q5«77 q) % 5575 f^TSTH t %77l f$^ 57 f$^77 $5 ^7775 f555 557 
378517155 f777§75 $ 5T5 %57 57 7757777 tl RlHPdRdd tl 5577571 $7 5f7575 77777 t: 
{i} % fg:^5 % 37^7 57 t, (ii) ^75 % f5^5 % %55?5 575, 375f5 37^ % 

$75 $ 7J5T$ 5T^ 37^7 $7 77555 7777 111 1577$ ^77557 f5^ P 57 f$^5 $5, 37T$57 

-q $7 57775 P 57 f5?J5 $5 E _ 557 37T$57+q % 57775 P57f$?J5 $5 E 57t 77%$ 
$7 775157 f555 ^T5 RdlRld 577% 5757 f5757 5757 tl 

(i) 3T^T VT f&TrT % fo^ - 

575 7TH55; 15^ P fg^5 % $75 $ q 5 $ 3$7 f$5 (1.20a) $ 55% 35JTTT7 57 t, 
55 

E = q p 

~ q 47i£' 0 (r + a) 2 

557 p f%J5 3757 (-q $ q 5$ 3$7) % 37%55 5=F7157 7Tf557 tl 7775 tt 


[1.13(a)] 


E 


q 


+q 


4 7 i£ 0 (r-a) 


[1.13(b)] 


P57 ^757 f5^5 $5 
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(a) 



E + E 

+q ~q 


l 


4ne 0 (r-a) 
4 a r 


(r + a) 


4«„ 

r » a% %4; 

4q a 


( r 2 - a 2 ) 2 


E 


4^e , 0 r 


(r » a) 


(1.14) 


(1.15) 


fii) FdWd'dfd rm W ftm 1%%3Tf #T f&tr 

4) 34%ff +q 44T -q % 4444 f44)4 ^N)' % mRh(u| 
q 1 




E - q = 


4ne 0 r 2 + a 2 


4ne n r 2 + a 2 


[1.16(a)] 


[1.16(b)] 


f%T4 1.20 (a) 3T8J 4T few %4t fspj, (b) 

% Pd^ddld 44 4T f4i4 f44t fin| 4T 44 
f^J4 ^41 fgp 3Hpf p qrf^T | P444I lPlHI4 
p = qx2a t 44T f44T 
-qFt q40 sift 'll 


4414 tl 

E + 44T E 47) f44T4 f44 1.20(b) 3 4#4t 4^ t I 444 t % 
fgp 3H4 % 3lf4dl-dd 31444 4=F-^ 44 f4C4T 44 H || fgp 
344 % 34^f4^T 31444 UllP^d t) 4lt tl p5 fpJ4 ^4 P % 
Rmld t)4T tl 314: 


E = - (E +q + E_ q ) cos 0 P 
2qa 


4 7i £„ (r + a 


2 \ 3/2 


(1.17) 


3lf44T (r » a) 44 
2 q a 


(r » a) 


(1.18) 

% 3#T41 ^ft4f 44 fgpl $4 3 q 44T a 


47t£- Q r 

•HHl<=b<u|)' (1.15) 44T (1.18) 3 44 
TJ447 44 3 HP^lRdd 4# ttt; 44 ^4% 4^4 PT4445 qa44 f4^T 444T tl 444) 
fgp 34pf 4f) 4fT4T4T 44 4%4 Plcldl tl f44Tt 't^4 SJT^f Tlf&l p 

4t 4ft4T41 4444 4t 4T 4441) t: 

p = qx2a P (1.19) 

314fd 44 pi 4f44 t f4444 HP<4|U| 31T%T q44T ^4441 2a (3444) q, -q% % 

4p4 4t ^f)) 44T f44TT -q 4) q4t 3tt4 ttlft tl p % 44) f4T4) fgp 44 Pdp $4 

3lf44T 'jR'M) 44 441 441 44 ^ 4t4T tl 
«W 41 /44# % 4T 


E = 


2p 


(r » a) 


4ne a r 

%4 (fry r?c7 #1 /44# % W 


( 1 . 20 ) 
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E = - 


47if„r 


(r» a) 


( 1 . 21 ) 
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%cT 3TT%T W 


gq qgiqgk q$sq qg wgFT gtfqq; % fg^q $q 3lfqq7 gM qg 1/r 2 % qq k q# 
qqtl/r 3 % qq k qg gtgT tl gqki qfdRdd fg^gq sfo qq mRhiui qqT RgTT %qq gft 
r qg gt Rnk qgt % qqr k qfgq r qqr fgijq 3ggnf p % qfq % wrw qq qf fqk qqci i? i 
gq qq% qR q qfq qqk t- qq fg%jq 3qqq2agpr qf) qfk 3qqq gtq grai t, 
qq 3q^qT q 3qfq qft qfk 3qqq gq qqiR gfqT grar i? fk gqqqrq p - q><2aqqr fqqq 
qftfqq wit gfqf ti gq qqqg % fg^q qrr % /g^q qqq ti fqqft fig fggq % %tt 
qqtqqqT {1.20} qqT (i.2i) r% qqf qpff % %q qqr q«iT qqi?f ti 

1.11.2 ftSTcff 'ZFt ^frTcF WsNkTT 

qrfqqqq sqpff q qqTkqff q«q qrq%Tf % #g qqr # wh qg gR) ti gqtfqq gqk 
fg^q 3 ggnf ^q gR) f i co 2 qqT CH 4 3ig gq} qqqg % ti fqgjq afq 3gRtfqq fkq qRf 
qq k fg'gq 3ggnf Rich Rid qq RR) t qfg gR? sqpff q qqr%ff q?n qqqT%f}' % #g 
qqqrt qgf gR)i 3iq: fqgq skr qf} 3qgqfqtfq k qf gqqq srqqi qqqf fg^q 3ggk ^Rtt 
ti gqqqqq% srgqffqf) 3qjqrgf} ti qqqq 3gj,H 2 o, gq qqqq % srgqffqq 
qqr qgigqq ti fqfqq qgr«f fqgjq kq qft qqfkrfq qqqT sgqfkrfq q RRqqr gq 
qgqqgk 3ppq)q qqjq qqR) ti 


qqrgqq 1.10 ±io^iC%k srkqqq^-gqf k 5 . 0 mmgf}qqkqqti(a)gqfgiq 

% qq qqfg^q % kg ok fqq 1.21(a) Rg#q 3igqq, qqRq qf) 3fk 15 cm gf) 
qTfqiqfqqftfqgpqrqqi (b)fggq % qq % qfaqw ok, fqq 1.21(b) Rgqfq 
sgqq gqq) qrqft ku k 15 cm gft qq ffqq fqqf) fqg 9 qq fqid akr qm qftfqqi 


A O B 

-, | - *- T -•- 

-10 +10 P 

|JLC IJiC 


(a) 


ikqi.21 

gqr: (a) fqg p qq 3qqq +10 p-C % qqqq ^q 


* %Hkn<h fqg qkkf % w qft qj^ qd qR'qiqr wfq qft # qffq qf) qmt t fqq% sgqp; 
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1.10 











































































10" 5 C 


4tt (8.854 xlO" 12 C 2 ' T “ 1 


m 


= 4.13 x 10 6 N C" 1 


N" 1 m~ 2 ) (15-0.25) 2 xlO" 

BP % 3PlfeT 
ffe P41 3444-10 nC% 4444 fe 

__ 10~ S C _ _1_ 

” 47r(8.854xl0" 12 C 2 N" 1 m" 2 ) X (15 + 0.25) 2 xlO 4 m 2 

= 3.86 x 10 6 N C" 1 PA % 3fefe 

A 484 B 41 fel4 tt 3444Tf % 4444 p 41 i|Ru||4) fe]4 fe = 2.7 x 10 5 N C' 1 
BP % 34jfeT tl 

44 441444 f 34J4T4 OP/OB 444ft 3lf447 (=60) tl 314:, fell) ffe4 fe 3181 41 
31?4f447 fe 41 fel4 felt ffe 41 ffej4 fe W 47lt % ffe iM tt 1J4 fe 44414 £14 
44 fet fe 4ffe474 mRu|IH 4ft 3mm 471 447t tl 2a44474 fe ± q sufetf 4t 44 fg^4 
fe ffe feg4 fe 3181 fe tfe 4t rfe 41 ffe)4 fe 44 4fl4F4 
2 P 

(r/a » 1) 


E = 


471 e 0 r 


E = 


2x5xl0" 8 Cm 


4ti( 8.854xlO" 12 C 2 N" 1 m“ 2 ) (15) 3 x 10" 6 m 


T = 2.6 x 10 5 N C" 


1 


4 7t (8.854 x 10" 12 C 2 N" 1 m" 2 ) [15 2 + (0.25) 2 ] x 10" 4 m 2 

= 3.99 x 10 6 N C" 1 B9 47 3lfefeT 
ffe A 41 ffel4-10 nC 3ufe?T fe 4414 Q 41 ffe|4 fe 
10" 5 C 1 


' 47i(8.854xlO" 12 C 2 N" 1 m" 2 ) 


= 2 x 


0.25 


V15 2 


= 2 + (0.25) 2 
= 1.33 x 10 5 N C" 1 BA fe 34jfeT 


x 3.99 x 10 6 NC 1 BA% 3lfefeT 




441 p = 2a q feg4 3mfe 44 <jRH|U| f| 

ffe4 3181 41 ffej4 fe 47t fen life ffe4 3 mfe % 3PjfeT ( 3lfe4 -q 4 q 4ft 

3Ttl) ttfe tl 441, p =10" 5 C x 5 x 10“ 3 m = 5 x 10" 8 C m 

314: 


fg^4 3mfe 47t feTAB47 3fefe i, 44T 44 4ffel4 fe 4ffel4 47 444 ft f4474 tl 
(b) ffe B 41 ffel4 + 10 3nfel % 4414 ffe Q 41 ffe|4 fe 


[15 2 + (0.25) 2 ]xl0" 4 m 2 
= 3.99 x 10 6 N C" 1 QA fe 3PjfeT 

44 t fe fe 4414 MRHIUI fe 4lf fe Og feTT % 4447 447-^fe 47t fel4 

4714 t 4fe BA 47 44141 fen % SFjfeT 4447 ifefffe fe 414 tl 314: A 44T B 41 
fl44 fe 3lfeff % 4414 Q 41 mR«I| 41 ffe]4 fe 


(a) 4t fe fefe ffeg4 47 3181 47 -3lffe444 felt ffe 41 ffe4 ffej4 fe fe ffe fett fe 
1J4 47 44414 £14 44 fet 4f44T4 4ft 31484 471 4474 t~ 

















































































%cT 3TT%T W 8^T 


E = 


4 3i £ 0 r 


(r/a » 1) 


5x10 Cm 


431(8.854x10 12 C 2 N" 1 rrT 2 } 


(15) xlO^m 3 


= 1.33 x 10 5 N C -1 . 


R7 RFR 3 fqijg sfq qft fg^TT STT^nf cfft f^JT % fa Mild tl cT«TTfq W7T mR«IIH 
qgqt w<\ gp mPrih % 373^7 ti 


1.12 mckwh w® 

fqq l .22 f qqrfq; 37377 #; gqqRTq fqijq ^ e 3 r# fgraa 37 r^xrf p % qsnqt 

fg^q (PSTPlt fgger Pt FTO RlRf qq I % p qq E 3 MR 37fepq t; qq E 
g#r qfR qqf ^3 tt ti) r fqqq qftfqrii 

qqT 37T^qT qR gERSTT -qR -qEqcR PR it tl tjfqi E gq#RFT t 37g; 
fg^jq r qqr qjR ti Rtj gqqpT t, 37q; qqr fRq fqg r pit t, 

fqRT% qfqqRRTMq fg^q r qqr 3713 ^ qq?f rri ti qq ts qqr gpr t qt qqr 
3ir^qf (qqr 3 R) gqr % r fvfc qtf qtan qqqq qfRM r^r qqr % hRmi^i 
qqr qqpjR qft (qt yfaiRi'di qqff % #q qfqqq gft) % gqqwr % qqqq 
qtgT ti 

qqr 3 q^nf qp qfRFl = q EX2 a sin# 

= 2 q a Esin# 

qqqft fgqTT qqqq % qqr % 37fqqfqqq qq^ qTR qft 37 k ti 
pxE qq qftqM qt p e sin# t qqT qqqft fgqrT qqqq % gR % 
3ifqqiqqq qiR qfY 37 k ti 3R: 

X = pxE (1-22) 

qq qqr 37734 fg^q qft 4q e % qqq qftfeq q#?t qft Rfffr q#nn 
■qq p $q E % HIR TkPsid qt "MM t tt qpT 377^4 q]R qtgT tl 
qq 4q rtprih qqf qkn qq qqT qkn t? rr t, R7 rrpt 4 4z 
qq qj^R qt qqqq ti arfqfeq, RTqqr qq q fqqqq qq qq^ qft 

tt qffaqRqqr 37 Tgof q^TTTI qff <>dlM=h qq^PT 3757^11, 37g; 37RT 

t^t ttrt fqrfq qq fqqp qqt t fqq^ p ^q e % rtir qqqT 
qfqqqfR ti tt qqqqff q qq qq 3rr^f qt qpr tfai t q^ qfg e 
gqRRiq qqf t q fg%jq qp qq ^q qq weu ti 

fqq 1.23 qqq: RRtqqqi qqqT ti 37TRqt ^ tm r rirt t 
fqr qq p ^fq e % prtr t qf fg^q qp qq^ ^rq qft fgqri t qgFr tq qqr 

qiFf q><dl tl ^R p ^fq % E qfRRlR tfaT t eft tg^q R ^q qft 

fgqTT t q=F ts qqf qq^f qrRT ti RPiqi rt t, qqr e % Rtsj p % 
fg^fqRR q7 fqti qqqT ti 

wi Rd qt^T fq^q % 77 RTR qp rm ti qpqi qrgqt 
q %rt qf #qt qqqqr % wtt zqrgf qft 37iq>fad qqqt ti ^qrfqi rt 
qnct t fqr qpqt q 4 u i gnr 3nfa^i 37fStq q^qt ti Rg rfm 3 nfafaid qtt 


E 


r 



qE 


--Oq 


-qQ'" 

T 

▼ 

-qE 

fqq 1.22 qqRmq fq^q ^q 
iffg^qi 


E 


-q t r 


o- 

-q 


q x r 

-O 

q 


■^2 ^qT ■feu = 

Rd tqqn = 

(a) 


E 


O. 

q 

q di ■5R2 


.O 

-q 


-q ’R ^<rF 

ds ^d fdqT = *— 
■siscl ^s[ ^d fd^n _ 

(b)‘ 


t qt Irt w 37iq^qr qqr qq RRtqqpT qR qq? fq^ft Rqt tr p%q 


i%q 1.23 fg^q r %q qqr (a) p tq 
E % RTfeR (b) p afq E % yfd-HHIcKI 
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4fzzft 




W FR RTF RRTZ t f# 3HI<^ld ## RTRTR # RF# ^Ffr 'gfRT RR t# t, R#Z RZRR 
% ZRT# t i#T Rft fZZTT R tz fgTgR 37Z£jf #RT RR t# tl FR# RfzftZZ ## # RZTRT 
f#JZ #T ZRRTRTZ Z# tl FR fwf% # RF RTRT# R #IT RT RZTZT t f# RZRR % ZZ# 
RT# zft f#TT # R# ZT# 'tl 

1.13 WrT 3T1%T farR^I 

3 TR ZZT FRt f#RZZ 371 #^, q 2 , .... q n # 3 TT#R f#ZTR % f#TR t R# zft tl FRRTT 
ZZ 7 RT RF t f# #f PR^I# # %Z; Zfuidlz zfRFZTZ RRZ F# t f#TR ZZZZ 
(#<Z^ZZR) Rft 3 RRZRR 7 ZT Z# ##l RTR Ft, R||Z 3 RZ# # fZR f##TZ R## # 
Z# R R# R 7 RZ ^TTZFTfRF Z# #ZT #k Ft RZZ 3 TT#R fRZRR Rft 37 TRZRRTZT Ft# tl 
RRTFRRT# f## 3 R#RZ RTRZ 7 % ^ ZZ 7 $R 3 R#RTZ 37 RR# Rft 37 #RSTfZ# % Z# 
t 37 T#R fRZRR RZ f##T RR # ZZrRl R 7 RTT ^RTRFTfRF Z# tl RTRZ 7 % 1 JR 5 ZT f## 
$RZZZ 37 RRR AS (# RJZT 7 ZT ZT RT|Z #ZT Z# F#ZZTZt Rft fzZTTZT RZRT Rft dPzftld 
RT# # f#R ZR# t, tfez; fzZ 1 . 24 ) # fRZR t fdZK RTT# RR 37 RRR R 37 T#T aq 
ZZ -^ZZT-^ZZT ZR#I ZRZT 3 Tf#F ZZ^ZZ tl FR# RTF FR #TZRT 3 RZRR R y## 377#?7 
RZcR a Zft zftRTRT FR ZZR RT# t- 


3 T 1 ^T AQ=aAS 
„P 


A 9 

AS 


(1.23) 


t# FR 'RTZTZT % 1 JR % fzf#Z ft## R ZR RZ# t #T RT ZZR ZR7 RZZ 
ZZZZ a (## 1 JZ#Z 37T#T RZZZ RT# t) R Zfzt tl RT RR t #% 'RZtz 37T%T 
RZR (T 3Z%T Zft ZZTZRZT ZRT ZJSRRffz RR R 3Z%T zft 3TRZZT fzZRZ zft zt^T 
ZRZT tl (7 RJRRffz RZ t 3Z% ZZR t # ZR ZZR #, Z^RZ#T RZ ^ zt Z# 

3McR 3?t%t AQ = PAV R£rK#Z RR # #lt ^TZ 3RZR ASR ZJRTRffz 3T#ZT RZR tl crZZ RTZZT C/m 2 tl 

Rft ZZR % ^fezftR #t§ZT 37#ZT fRZZTt' ZRT 3TTZZ# 3Z%T fRRZff R # RP^Ftt 
tl f#Rt ZR ZZ ffeZT 3Z#?7 RZZZAzft ZftRTZT 



fRZ 1.24 #ZZT, Y^tZ, 
STTZZZt RZcZf Zft ZftZTZTI 
Z#ZT ZZRR R ^Z ZZ, 
3TZZZ (Ai, AS, AV) 
ZSJRRTfz RR R 
Z# RZt TJ^TRftz RR % 
3TZZ# zft ZR fzZTTR WIT 
RRTfFZ Ffzt tl 


X = 


AQ 

at (L24) 

FRT Zft RT# tl RFT ATZJ8R RR R ZR ZZ ##ZT 3RRR tl ZRTfz ZJRT 3T#f#T 3TRR# 
Rft ZR fZZTTZT RRT R# ZpRPdd t ZRT AQ RT ^f#ZT RRRR t RRTZ; 3T#ZT tl AZZ 
RTZZTC/mtl F#ZZR# 3RRZ# 3Z% RZZZ (RZT ZT^f t fz# 3R% RZR # ZRT 
RTZT t) zft ZftRTZT # 


P = 


A Q 

AV 


(1.25) 


FRTRftRT# tl RFTAgRJZT RZ t 3RRZZ RRRR AVt RRTZ; 3 3T#ZT t #t ZJRT 
3Z#ZTZ 3TRR# zft fZWT RRT zft ZpRpdd ZT# tl p ZZ RTZZT C/m 3 tl 

RFT R#T 37T%T fRZTZT zft FRRt RTRZT Rtf## R FRlt FRT 3TZZT i Z^ R#T RF# 
fRZRZ Zft RTRZT # # RRTZ tl RR FR f## ZR # RZTR ZZ R#T! ZT# t # RR 
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RSZRffa RR R, 3T1%I fo|d< u l 3RTZZ FlZT tl 3TIRT ZR 3Z%RftZ Z«ZZ?ff RZZ t 

ZRRR F# tl 












































































































































































%cT 3TT%T cT8^t 


FFF FFTF t FF FFtr FJFT FFF FT tt dctllsl FRTtttttlFFFFFtRF FFF 
M TTPT tft t FF FFFft ftfFFF FFTfFFT TFTT Fit FtF FR tt tl 

fafa<*d 3TT%ff % fFFTTF % FTTTFT fsRJF 8tF FTFT FTlt [FFtFRFT (1.10) ] Fft tt 
FlfF FTFFF Wt FT Ft FFF 3TT%T fFFTFT % FTTTFT fFSJF $F FTFT fFTFT FT FFTFT tl TFT 
qTPttt %TTt f^TSFT f FFF 3TT%T fFFTFT FT 3TT%T FFTF pf I F^ RjtFFTFFFT TJFT 
% O ^fFR FFT TFT FTtfFF; 3TT%T fFFTFT f fFTTt % FT fFlft FftF r 11 3TT%T FFTF 
pRFT fF<| Ft fif<| FT fTFT tt FFTFT t, 3T«rfF FF r FT FTFT tl 3TT%T fFFTFT FT 
AV 3FFT % ^tt FTFFF FFFFf t fFFTfFF FTtfFFI 3FFFF 3TFFF AVt 3TT%T FT 
Trftrrm pAv ti 

3M fFlft FftF R % FTF fFTTTt tt '5’FTF % P ( 371% fFFTFT % ttFl 3TFFT F1FT) 
FT fFFTT fPf; (fFF 1.24) I %F fFFF £TF 371% pAV% FTFT f%F Stf 


AE 


4%£ n 


P AV 

„ r 


(1.26) 


FFVaF^T 37FFFFFTPtTFtFF7t^7tt,FFT r' 37% 37FFF t P Ft %T f RFTF 
F% tl 37?FRtFF fFTgTF £RT 371% fFFTFT % FTFT ^FT f%TT $F fF%T 37TFFF-37FFFt 
% FTFT f%F %f FT ttF FTTFf FT FTFT ttFl tl 


47r£ n 


v P AV., 
£ „ r 


(1.27) 


*FTF ttf%p, r', r' Ftt % FTF pcf 7 ft| t ^ FT FftFftF tt TTFlt tl FFPf 
Ffuidl-l ftfF t % AV-^0 tfFT F%F 3f)T % FF ttF RFT TTFTFTTF FT FTFT tl FTTJ 
T7T7FFT Ft % ^FTFFfFtFTFtt^teTttl TT% f c%F f%7 FFT 3PFRtFT 
f%lF % FFttF IRT fFTtt Tft 37% fFTFT % Ft FF MFFT tt 3RTF FFT, F4F 
3FTF: iFftFT 3^1 3FTF: FFT tt, f^F ^F RTF fFF F FFF tl 

1.14 W fWT 

%F FTFFT Ftt 3TFFFTT % FTFT 3RpttF F FT F 3 TRTT %Rt r fFF % t^ 
fFTTF F Ft^ fF^ 3TTt7T q hRf.& t, F §p*s\ F^ ^FT FFTFFT 47 fFFR Ft;i fFF 
1.25 F FFfR 3TfTTR RT FFT FT RTF ^FFFT 3TFTFf t iFFTiFF Fit tl 
^FFFT 3TFTF AS 3 TJFFt FFTT FTFFT 


At/) = EDA S = 


4ne 0 r 


rDAS 


(1.28) 


FtTFFtRFFT 3TT%T q% FTFT fF^F $F % fFl ^FTTF fWT FF 3Mdtl fFF tl RFTF 
■Hpvd r tF t ^F 3TFTF Fft 3fk %JF1FT fFT % FtjPvd tl 3TF, ^F Ftf % "'JF % 
fFFt tf fsp| xr 3TfTTFIF FF fF| FT ^FIFT tFFT % 3RjfFFT ttF t, ^F 3TFTF AS FF 
r FtFf RF tt Ifft F ttt tl WtfFTF, 


A<p ■ 


q 


4ize n r 


-AS 


E 



(1.29) 


^F RFTF FfFFT r FF FfFTFT 1 tl 

FtFf F TjFTt FFTT ^FT TFFRF FTft 8TF- 3TFFF' 3 TJFrt F^ FFfFFT FF ttF FF(t 
FF FFF ttF t 


fFF 1.25 FF tt^ ft 

Iprrt FF FFFF fFF% 
FT ft^ FtF q 
FftFS tl 
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<j)= £ 

¥»# AS 


q 


4 £q r 


-AS 


f%4 1.26 ft#TST % W 4f H4% 4% 
44744FT f%jcl %1 % 4444 44 MRchdHI 


^ff% 4 %) 44 4%47 8% 31444 37T%T % TRPT ^ r4T 

q v ao_ q o 


314: 




4jtf„ r 2 ^as 


£ AS = 


4ji£, r 


314, 4 %f 44 Y%4 8% S = 47ir 2 t, 314: 


</>'■ 


q 


4ti£ 0 r 


x 47ir 2 = — 


{1.30} 
44 7147 


{1.31} 


yq}oh<u| (1.30) f%%%d% % oM|L|cb hRuih, %% m&tr i 

W ^RT t I 44 f%TT 7544% % ^7 Pm 44 14 ™ 3<%lsl 47% t- 

/%% %- w s % Tjmr wm %ct 44744 

= q/ £ 0 

4F7 q Y^S £717 kR«f& <?7c7 377%F7 #/ 

ITT fWT % 41 4441%14 %4T t % 4% 1%% 44 ^ £14 47% 34%?T m[%<£ 4#' 
f%4T 44T t 4t 754 ^ % lpl% 4MT ^44 44144 4£4 %4T t I %} 14 f%4 1.26 4ft TTM 
314f%lf4 4 fW %4 TT4T^ tl 

4% f%J4 #4 ^TTHH t 44114 7147 7% 44 %44147R ^ % f%14 % f%4TT 47T 
% I f%% %?R 44 3T^T 444FRT4 %T E % TFT14T tl 14% ^ 4 7J4% 4T41T ^41 44144 
0 tl (j) = % + 0 2 + 0 3 4IT % 44T (j) 2 %R%< % Y4 1 44T 2 (7f4T47R 34J4T4 4%%£ 
%) % 1J4% 4% 44144 47) Pl^Rd 47% t 44T 0 3 44 445 % %474 Rlfcl-sd 4T4 % 
7J4% 4% 44144 47} Pd^d 474TT tl ^47^ 3 % 4%47 %£ 41 3#T4T4 E % 41444 
t, 314: 44144 47} 4fl4T4T % 31^44 0 3 = 0 I 14% 3#f%4 ^ 2 41 4%^% 3lf44T4 
E % 31%%T f 44T ^ 1 4T %%[%) 3lf4%4 E 47} f%TT % f%4% tl 314: 

% - -E S v <j) 2 = +E S 2 


s x = s 2 = s 


44TS^tTT 47R 34^44 444 44 8%474T tl 14 447R ^41 44144 4£4 t, %4T f% 4144 
Pl4H ^ 44Tf%T 4TI 14 447R 44 344 441 f% 7147 44 % 31% % %J4 44144 ^4 

f % 44 14 4f%TT4 4T 4|% f % 44 Y 3 % 3 %^ ^4T 34%T 4J% f I 

4T44f%T4 44}4714T{1.31}44 34%447 4174 14 4444 3 % f 1% 44 ^4T447 44 
3 414 t, 44T %44175%} 4T4T 444% f%T 4T 1% 7544 f%nT f%4T 4T, 44^4% %4T 
t, 441 ^ 447%}' 74' 1444 44% f%4T 4T 41^74TT f I 14 f444 % 41^ % 3^ 
ir?2}}' xr % 

(i) 4T754 f444 4%47 44 4% ^447} 34%4 441 31T4T4 ^7? % %, % %% 441 t'l 

{11} 4T754 f444 1H41^14 (1.31) % 4^14 44 % 44 q% w 4R1 4fl474 4% 31%%} 
44 %4 uRdPcdd tl 4 31T%?T ^ % 4%T 47% % 314fT44 % 744% tl 
(iii) 754 4f%4f44f f%% Y 3 44 444 f%4T 414T t f% 31%4T ^ % %4T 44T 
Y* 3 % 1% t, %^4 8% [14444 4444 7 %%htjt (1.31) % 4T4 4^1 % 

%%4%R %4T t] S % %4T 44T 414T f%14 4% 31%% % 4444 tl 441%, 4T754 
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%cT 3TT%T W 


fro % •HHlro ij i % RfsjTO ^ 3 -q^ q %^r s% *farc % ^ror arr^ff tot Pd^fad 

TORT tl 

(iv) TO fTO % 3FJ5TTOT % %R TOFT froR RFT TOFf ^ TOt <TTTOTtR RTO TOTOt tl 
TOR PtvhI Rf MIrf'Hl'M ’’JTO TO "TOR TOT% RFTTT PldH FTRP 'TO RTTOt tl RTOfR, 
RTOTFT Tf^R RTTOTtR RTO TOt frort ^ft PdPddd TO% 3 Rtf RRRT TO%RI fTTTO 
TORT TOT? iTO MTOR TO^ff % fRTOTR % TORI frojR $R TOt froft tt TO%T TOt 
3TRfRTl% TO RFTtmfR ■qftRfTO Rtf fTOTT TOTT tl (^ tt TOR froft TO%T % fRTOR 
RFt t, ItoJR ^T TOTOf TOTfRTTOf 3 TOTO fRTOftR ttTO TOTT t) TOTJ dldlfld RTO RTO 
TO%T fTOTRT R RTO TORT t1 

(v) TO /RTO7R R fTR f/Rfa/d g)c# ttt fTOJR $R % MRcbdd TOt 3TpRTO TORR TOTlt 

% fro; tort from rtr: topM ttro tl rPtot rtotRt rto to toft ^rtototto 

TOTT tRT tl 

(vi) 3R f, RTTOT fTOR cjFRTR fRRR f TOlP^d ^ft TO ^TOR TOf fR^RT TO TOTOfR 
tl RTOT from TO TOf i RTOTTOT ^TTOR TOf RTTOT FT fRTOTR TOt 7#R toRtTTI 

TO1TORT 1.11 fTO 1.27 R fTOjR afc 3TTOTR E x = ax 1/2 , E y = E z = 0 t, fTOTR 
a = 800 N/C m 1/2 tl (a) TOT FT RTOFt TOR RFITOT, TOTT (b) TOT TO ttTO TO% 
RffTOfTOT TOffTOI a= 0.1 mRTfRRI 



IH 

(a) RfTOfTOjR afRTO%TOTx3RRR tt t,xfTOTT%FRTO 4>d=bT % %R, E TOTT AS 
% #Ef% TOfnT ± ji/2 tl TOhRFTTOT (j) = E.AS TOT % tTOT tt WRlfTOT TOFTTOf 
TOt ■jftero tfR Rtf RkTTOT % %R TO1TO-TO7TO TOT t 7JR tl 3R, TOR TOFTTO TO 

fro^r afc to mRhiui 
E k = ax 1 ' 2 = aa 1/2 
f^TO TOR TOFITO TO X = a) 

TOR TOFTTO TO fTO^TO ^ TO MpTOR 
£ ? = ax 172 = a (2a) 1/2 
(■Rph TOR TOFTTO TO x = 2 a) 

TORTOTt TOTTOT t 

<j) L = E l -AS = AS E L ■ n L =E l AS cosff = -E L AS, R|TO q = 180° 

= -E L a 2 

(j) R = e r -as = e r as cose = e r as, ifro e = o° 

= E R a 2 

TOT R RTOR TOFTT Rf TOTTOT 


a 

oi 
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36 


= <9„ + I 


a a 


, 5/2 


= E R a 2 - 

PM 


E.a 2 = a z (E„ - E.) = aci z [(2a) 


1/2 


a 


1 / 2 , 


= 800 (0.1) 5/2 (V2-l) 

= 1.05 N m 2 C _1 


(b) 44 44 % ^ftrR =jjW 311% qWT w TO4 % % 4174 f™ WT 74414 TO 4TOT 
tl 44 4144 t fw <j> = q/e 0 31441 q = (j>e Q 



q = 1.05 x 8.854 x 10“ 12 C = 9.27 x 10“ 12 C 


34I£<U| 1.124% f%4 %I siHIcHch xf%T f W,<=b44H t 44T 7% 

mRh|U| % 4T4 4% TO44447 x% %, TOW4W xf%T f tl 44 f%r 441 

t % E = 200 i N/C TOlfo x > 0 44T E = -200 i N/C, 44% x < 011 20 cm 
c# 5 cmf%4 % frot crM^dk faftfel 44 % ^ f% 41 44T W1 344x% TO 4441 
3%% t fw WTO 4W 4WI41 fWT 1.28^4%^ 34)^41 x=+10 cm44T^TO 4WIW 
X= -10 cm 41 tl (a) 44% 447 W 4 TJ4lt 5M 47 4ftg% WTO fTOTTl t? 
(b) P4PdM % 41% tl 444 WTO fTOHT t? (c) PuPd^! tf ^WFT 444 47 4f%% 
WTO fTOHT t? (d) pHPd% TO tflll 47 34% fTOHT t? 


TOT 

(a) 


(b) 


(c) 


%4 f TO 44 4%f t fe 4% 4W1TO 41 E 44T AS HH7T1 tl TOP% 4f%% 
WTO t 

(p = E-AS = - 200 iQiS 

= + 200 AS, ipF IDAS = - AS 
= + 200 x % (0.05) 2 = + 1.57 N m 2 CT 1 
% 4HTTO W E TOT AS 44141 t, TOP% 

<j) R = E-AS = + 1.57 N m 2 CT 1 

pHPdM TO 4% TO fro) «ft%IEs|l 31444 AS % H444 t, TOP% 

E-AS = 0 TO^R PyPd^l % 4% % 4141 47TO 7£4 tl 

PuPd-W tl ttTO 47 4f%% 44TO 

(/)= (1.57 + 1.57 + 0) = 3.14 N m 2 CT 1 


5 cm 


E- 


AS 


-►E 


AS 


—► E 

—►—►„ x 

AS i 


x = -10 cm 


20 cm 


x=10 cm 


1.28 

(d) PdPd'41 TO %1 47 34% TO 414 4TO f444 TO W fTO4 4T 1TO4 t %44 
% 444 4% t 

q = £ 0 $ 

= 3.14 X 8-854 X 10“ 12 C 
= 2.78 x 10 -11 C 
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%cT 3TT%T W 


1.15 TTTCFT ta % 3T^g#TT 


%t % IK TORT RRf RR T|% t % %ft <^|L|ch 31% r^)d<Ll| % -5FTRTTT %1 ajfa 
u41dRU| (1.27) IRT HRK fRRTT RTKT tl f¥% RR% %RR, o^IK 3, IK 
•HdldRui R %#rt TH%d (3TRRT THmdd) TOt 
%KKTR % Kit %3lf RT f%T $R WTT % 

% % =%PKd % RT) RT RR7#I TTRTfR, ^5 •HHpHd 
31% t%TRTf % % RTIR f%T TOT IRK)! TOTTO 
f%T afo TOt RTTO IK If RTRT TOKTT 1% f| ip? 

TORIKKT R 1^ 31% K KRITT "31 KIRI tl 


1.15.1 %TT %Tf % 3TTRf% 

RTf§T TTTT % cFRUT f^IrT ^?T 

f%t 3% R% % IJ.ohRHH %TO 31% KIR* % 
% RTO?f TOT IT fTOTOT %%l W TOR If IF TOT KR7 
•HHpHd 3TR tl KPT TO)i% IK O 3 P TOt %T 3 %dT 
(%T K%) %T IK TOT TO RTTf 3TR ^ofl TOTR) tl 
fK TOR RTRT % P, P\ P" 31%R TOT % 1% 3 
RPJtff TOR Tl ^<rd tl IK!) IF TOTTOfa-RT l)TO t fTO IK 
%37f RT f%T SN TOT MP<H|U| KRTR %T TO%I %TO 
% IT f%T TOt %T 3% ( pH'41 d) #ft K% 
(%A> 0, RTt Rf^lt TTKT % A< 0, 4 3#^lt)| 
IF fRR 1.29 TO TRTO tl 

K% 3RJKR TOT % %TO 3TRRR)' P L TTKT P 2 % 
^RTO IT fTOTOT TOT I IK ^RTO % ll 3TTOTRT' £RT TORTO 
%TT % TO) %Pdd % IT RTRT iftKlKt %TT §N 
3% %T t [ %TR % 3#%dd 3TRRR RcfT-^ 
TO) Pk^ki TOT tcf t] I RI IK TOR % KKt ^Idl % 
1% KTR tl 3RT: P*k 1 Kt fTO| P KT TJTRf i%TT 
3TTlK tl 3T1 ^R7 IR 3% t', TTR RPl Kl% % 

3%K %1 % P RTt %TT KT fl^T % KRdTI 

K% 3, TTR RTI 3#Hd'ddd K% % TRT ^ f%T 
IT TKH KT 3% f TTKT IKK! KfTKPT %KTO f% ^Tt r 
KT fK% KRIT tl 

%I ^K MpT^Pdd % % f% 1% 1.29(b) 3 
1% 3T^KR f%( %KTKKT KTRKbT Y 3 K7t KRKKT 
41P^M.I ^K7 %I ^K IT RKFT KT 3% t, %TTKKT 
KTRKlK ^ % I) tKTf ^pR# HI KT1KK ^ tl 
■^%%KTKKT KFTKT%I ^KE^^ITfl^KT 
3 tPKc%I t I«I %KR rKT f% % % K7RKT IKK7T 
Rftim f% tl Kfel KTK ITT %tl %FRT 2: irit, 
KIT l PuPdlT K7t T% tl 



(a) 


E 


(b) 


f% 1.29 (a) % 1% % KKRTRIK 3HI%d % % 
IR % KTR1 t% ^K 3% (%% % tl 
(b) KKRTKTK %K7 3T% KlcK % c# Kill IR % %K 

ktrk)k TOI 
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4ferpt 


E 


RTPltR W 3 ppt RTelT RqqpFT 

= % pftfFeT ^erldldP RFT 3 pptt RTelT RqiRR 

= E'X-2'izrl 

pR f A 1% PRR 3TT%T •HNRrld tl eTR RTPT fRRR tt RTRT tteTT t 
Ex2%rl = XI/ e 0 

A 


3qsrfeT E = 


2ne 0 r 


qqftP rr 4' %qtt tt fip Rq fpjer str E pq »R prr ftFRT rtrt t 
1 


E = 


2%£ 0 r 


n 


(1.32) 


f%p 1.30 pfftrr rrr 3ti%i rip % 

3g ftp Jii-d-Htii pp 


Rtf n m % ftFqft % % 3#raw ppft RTtt qrqq f ftp prfirf qrfpT t i ra ^ 
AdleRdv tteTT t eftE tteTT t t?R AA A di u lleRd-> tteTT t, AR 3qpfpf tteTT tl 

PTR RtfAR, AA RR qrfRP A AFt RRF1AF TTf^T t' pfAA 3qfRP % RR t, A^fa 
A = A a ftroft t eft 3qfpTApR dlPlhdld qRPT tteft tl AR WRF At 

tt qqRFeft t atq q?m AtiAftA>oteftARFt tpTT prftaf qqfpT a % qqqpT ttnt 
RAT AfRA< ot eft AAFtfpAT a AFt fRPT % faMild tHtl AA RR ApteR RTRf RAF qqtfRR 
qq^TT ATRft t eft RR ReftAF |A|AFT RRAtA AFqft t RAT pt A AFT AIRprA (TqPTf^F) AFR?t 
tl PT WR |A| > 0 ttRT tl 

ar tt *atr ttftp Iaf prTaa aa! f Asifq ps (At) pqr AfqRS 3qrtp Aft tt %Aqq 
qqfijqftleT fAFAT RAT AT, Rl^ ftRJA iftA E qqW AR Rq 3qT%T % AFRAT tl ATTA tt AR 
AxrHil AFq qtAT fAF eTR Aft cdAT^ 3qRR t PT <*><rHqi % fAAT RR fA^JA $AEAFt tqqRTRFR 
dldtld p5 % 3qfaed'ddd Rtt tt qqpFcTI AATfq, q# AR % teTATAFR RTRf % Anf 3qtq 
Atf 3qp RATA (end effects) AFt Rtip AFt AT qqAFeft t, fR^eT % ftp qRqtRFqp 
(1.32) qqfpRFPT: qqtt tl 

1.15.2 iJ.cbfmH armipm 3 T% tmdd ^trt % ^rnp fs^TR 

RFT qftftp %qqt 3qteT qqRePT ^TTP (ftp 1.30) RFT ifcbUHH "^tR 3qT%T WE3 a tl 
pq x-3q^r Pt ftp pi eqqq % 3qf^qqp^eT RTPt ti qrqMeT % 3qfFTR ftrsp ^ye t«tt z 
fdtwpf p fpfq Rtf pfqn rstt pqpt p^rf fip p ft^T x-fqpT % qqRfeR #ft pfpii 

pq RTpqfa ■gp pt ftp t 3q^qqR a 3q^qq«PFTR 
^ppq % 3qTPTPFR qqrqfeR rptfrirf pqT tt qqpft t (tt eft 
tqppFR tjp t tt rf rfr) tt qqpeTT t) i tqqT ftp t 
ffeqffp tteTT t, %pq tt RPIRF 1 eT«TT 2 tt R^IPT R ttWT 
tqt; ft^eT flip 3TP -qFRPFf % qqiqfeR t 3ftq t pttftp 

^qq qqqpq R rprr Rtf ttfi 

■ps 1 % 3qfRqpReT prfpf qqftp -xftPT 11 RRfRF -ps 
2 % 3qfRqfRReT PRFPF RTfpRT +xftPT t tl 3qeT:, ttff "ptf R 

ppt rt^ qqqpq e.as pop t 4q qqttfteT tt Prt ti 
^tflRrip qidtld R ppt RrqiT Rr qqqpq 2 EAti ‘'Jp^rt 
R fqps 3qT%T cA tl pttftp RTPFT fRRR ^RT Rt RR qfRR RTRT 
RteTT t 



z 

▲ 

#1 3TI% ^1^ C7 
/ 
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%cT 3TT%T W 8^T 


2 EA = cA/e 0 
3TFFT E = c/2e 0 

ttIift ff f 



3rfF<rMFd IFlT ^T FTFT f3TT TTFFF7 TTflFT f | 

Ft? C7 WW t Ft EFFT tt Ffe*Jdl FFT Ft? ffWW t Ft E FIT 3 3ET^lt 
itFT tl ?FTF itfFF; FTFTT f™ % 3Pj,y4Rl 3 if F<F 3TfFftFF FM 4 ^ 3 ^ itFT t % 

E, xFT Ft ftfr Fit tl 

fFFTt HRpTd Fit TIHdcdld FUT % %tt ThRIfTF (1.33), ftTTT f ^T UFdcdld "FUT 
% F?FFFt $?f f ypHohdd: TTFT tl 

1.15.3 Rcbfmn 3TT%f^RT Wt *\\v\\V T^tcF ^ FFRUT f^TrT ^ 

TFT cttflF; E f??FT Ft FFFt ttI#I T?t<? FT M,<=hTTHH 1 J^Rt 3TT%T FFTF <7 t 

(fF? 1 . 31)1 ffs ff ft itt -Rsrfd f FtrttF TriMr tl fFrrrt Iff pft ft? fi FtFT 

t 3TFFT FTH, fFIjTT at? %FF rFT iffr FT TTF7FT t (FIT rTlP? % f ITT ff<| 

FF7 Ft Iff <£[t tl)F?T ITT at? Ft 3TTt? (3T?f? ^FiFT % 3pjf?F) #F FT%TT| FFT^T^ 

(i) wm $r wrgr f^rT $?—Tsft<? % FTIT 'gFiFT r% fFTTTt Iff P FT f?FTT 
FtfFTTI fF^ PFT EFT fRff?? Fit % %F; FT ft? O FFT fFFT r F 
iff P 3 TJFFt FTFt Ftft ?f FTFTTt? ^ FT?t tl fFl FI 3TT%T fFFTTT 
%TTTt^T ITT Ftft FT fFTF F^F Iff TTFTJFF tl (FFft? TTHIhRi f IFTTT 
Fit 3TpFFTF tl) WtfFFF; FTFTTt? ^ % F^F fF^ FT fflJF f? FF TTFTF 
FftFFT E t FFT F^F fff FT 'gFTFT % 3Fjf?F tl ITT FFFT FT^F fF^ 

FT EFFT ASTTFTFT t FFT F^F 3TFFF TT TJFTt FFFT FFTFTT EAStl 
Fit ASFF TtFFF FFFt FT FTFTTt? ~^3 TT TJFFt FTFTT FFTFTT E*4tz r 2 
tl FftFS 3F%T 0 x 4 7 t E 2 tl FTFTT fFFF F 

E x4 7t r 2 = E~ 4nR2 

3TFF E = ——^- =-L 

£ 0 r 47i£- 0 r 

FIT q = 4 7 tE 2 (T FtcttF TltcT FT ^FT 3F%T tl 

TTf^r FF t, E = 47 J q r 2 r (1.34) 

Ft? q > 0 t Ft fFIJF ^F dfl^l itFT t FFT Ft? q<otFf fF^F ^F 
3TF^Tlt ItFT tl FFTfF, FI TsftFT % ^7? O FT fTFF 3TT^FT q IFF FFPF fF^F 
^F tl 3TF: TltlT % FTIT fTFF fF^3rt FT M.4TIHH 3Tl4Rld FtlftF TFtlT % FFTFT fF^F 
8tF ITT FFFT FF itFT t, ^Tf% T^IFT FF TTRTF 3TT% FF% FT ftFF tl 

(ii) WtrT ^ 97tr?T foZjrT $F-fFF 1.31(b) t fF^ P TFlFT % f)ft tl ITT FFFFT 
f Ft FTFTTtF ^ P 3 IpFTt FTFTT FI FtFTT t fFTTFF O tl FI^ iFFl FF; 



(a) 





(b) 

f%ra- 1.31 fF>rft fopj % %f 
(a) r > R, (b) r < R FT t, FR 
Wl 
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mRcmhT 4fr tt Rfft pbRRt ^ R 441441 ex 471 r 2 tl ctsttPt w 

44P4T 4', >\\su\m tjgs R ^ti 3tt%t 4fRns 4tf tl 44 44341 Rm % 3pj4iT4 
E*4k r 2 = 0 

31®lf4 E-0 [r < R) (1.35) 

37?lfa 4=1741414 3H|oir^ld 44tt RRlRl liRr % 47144 44lR7 RRr fp$R 414t RR3f 44 
f44J4 $4 4£4 t I 44 H^^uf MRuiH 41441 f™ 471 44431 RP4lR t R 47444 f444 
R 4141 ^37T 1 1 jq f444 471 yidlPldo 4c4NH 47444 I 444 4 1 /R 47t Rt^RT 4ft -jfe 
47441 tl 

44H44 1.134441447 4Rp447 ypd^y R 44 4HT44T 4i Rf 34441 ze47iRr<| -34414 

471 WW 41p447 tRl t Rf R441 R 447 447414H 4474 % 4>4l<Rl R Rl4T |T34 f | 
444FJ ijnf 44 R Rp]4 3<l4ld 11 44 yPd^M ^ Rl4 4lf447 4 r 7|4t 44 RrJ 4 $4 
Rf7441 t? 



fpf: Riq 1.32 4 jq yPd^y pit 34% fsr?TTR 4#n rtt ti RRp 44143 ddiRld (qifqqi 
R 3uR41Ze + PEPPER t, 314: R R 44 I % y,dvHHH RlRRl 311% RrT 44 4 ^PT 
di4lcH4 34441 -Zetl41 4lf44l 444 ?R ^44 tt 44417447 34441 4474 p414T tt R?TT 
tl -=jRh $Hk Hl-H died 3J4 3lRRl tldl 4lity,, 317T: 


4kR 6 


p- 0 -Ze 


31441 P=~ 


3 Ze 
471 R 3 


4lf447 R r^R 41 fRl4 RlR P 41 Rl^d aRf E(r) 414 474t % Rl4 44 4144 Rl44 44 
444t4 47T7t tl 34% RlPPP 47t RRRl 44fRR % 47144 Rl^d Rq E(r) 44 yRuilH %44T 
f%l ^R 44 RlRl 47174 t, 414 r pR RP4 44 4iR 31^ 4 sR R]4TI S^Hdil f44TT 44T f45 
R P4R 3Tt4 ^4144 r4i sgRpT (3344T RnRR) tl 44^4 R4 R ?4T 44444 R 4434^4 
4R 447 RRfRr 4R t RI4144 #4 4TfR4) tl 4tf RT R fRlRRf r<R 44T r > E44 f44R 
4i4t tl 

(i) r < R : RRfR W ?J4I 4f44^ %4 44I44T 
0 = E (r) x4 7T r 2 

W E(r), r 44f414 ^4 44 4ft4R tl R44 4444 4^ t RRfRr 4T44TRr W ^ fRrRt 
Rt f4| 44 f4^4 aRr 4t Rpn W % 441 f4| 44 3lf44T444 tlet t 44T 44144 4f44F4 
W % 4lRt R 53 R' 44 414H tt4T tl 


4447t ^4141 RtRqft Mldd^wdi 4ian 11 % 3154 R 8.5 R 4 RR lldiUHN 4°44H RRr R 

RtRrpi 





































































































%cT 3TT%T W 


qq w ski srmi q wro qrfqqffq snqq qaq rf^n % ^ 
fcl^HH ^un^ch STT^T f 

r_ „ 4n r 3 

34STRT q = Ze + - p 

3 

qqpf W<T 37T%T qq?q p qq TTR qfqqqfqq qqd' qq q 4 Wq qfqT tl 

r 3 

q = Ze - Ze —- 
R 3 

qq qqq fwr ^ qq' qqq qBT ti 

Z e 1 


£(r) = 


4 7t f n 


r 

R 3 


r < R 


qqf fejq sfq fqjqq ; qfq^# fqqf^fq ti 

(ii) r> £ : qq qqpq 3, ^ffqr qrqFj qqiqpq t, qtqftq qqqfq w qm qffqs -3q%r 

qpr ti w qqnr, qi^q f™ qf 

E (r) x 4 Ji 7^ = 0 qqqr (r) = 0; r>R 
r = R, x R qtqf qqpm q qqn qftqrq, e = o wq qfqT ti 


ifd ^ff^7T3Tf cfc TW7 3 


qfefr 3 qqiq wi: f#R qqfqfq ^ fqqqqf 3 wftt ifcn ti ^q qqfqfqqf qr fqqq qqqT 
mP<cmhT qff ^prt 3 qr#' srfqq qffqqT qf qftqrq qq^ qfq% 3 urn* ifo\ ti qqifro qf fqra;, y-zqqr 
% 3P]fqqT 3qfq qfqi^ qff 3q% qff qqrqqF ('^tq 3iT%T qqqsr a) qr fqqq qfffro;i qq fqqqq 
srcftqfffq wt i qfq {a} y-zqqr % qqfqr fqqff qf %tt 3 qqiHiViPw fqqn qrar t, (b) x-arsq % qffq: 
fqqff qf qfN xr qroq qnqr ii fqq qqqq qq fqqqq w wq qff qqfqfq qfqqrT3ff <£ srqfq 
srcftqfffq wt t, wt qqqr T 1 ^ ^ srcffqfffq qT%qi fqqfq tot w qqiiqq fq^q §N 
E 37qffqfffqq #q qT%TT| 

y-37SJ q^ 3q^fq?T qqqfqftq qqfqfq q^ q?M t % %qf fq^ {0, y p 0) ^ fq^q ^q {0, y 2 , 0} qT 
fq^q ^q % qqpr #n qT%qi wf qqrq z-q^r % ar^iqq qqm'qdq qqfqfq qq- qqfqf t % 4 fq^3ff 
{0, o, z x ) qqT {0, 0, z 2 ) q( fq^q qqpr #n qT%qi x- q^r % qqf 3fk -sjnfa qqfqfq qq qqqfq 
qq q^ fq^q^ fqqjM qq>d i? ■% e y-zqqr % qfqqq ifqT qT%q, qqfq qq x- fqqT % qqfqr qfq qT%qi 

3qq fqqff d^ff qqfqfq qff #qd qq wq qfffqq; qf 3qqqff qq- qqiq; fqr fq^q ^q qq qffqm q^ 
fqqqfqr f, qf x- fq^Tfqr qr fq^: q^f qqqn w to q¥ q^T qq^q t % fqqff 3qfq qfqr^ qff q=qqqFT 
qiqrqr qiq( % qqqq qqqq fq^q ^rq qq qffqiw fq^qqq ^ fq^ qq qqn ifqT ti qqrfq qiq( % qiqf 
3fk fq^q ^q qff fqqTT qoq-^qf: % fwfq #qf ti 

^ mRuiihT ^ qfffqq; qf qrqnq fqqq ^ wffq qf?f qffq^PT qq qfqjnq qq qfq^ 
% fpR 3TrqqqqT ^fi 
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i. 


2 . 


3. 


4. 


5. 


f%4 cTSTT #4#) 4 44 WTFJSTf, 343(3# 44T m«(4 444 % 344# 44 fkqfcm 
44^ tl 

4% f%4 47 444 4##' % 34T4R 44 44 PiM# #47441 4T 4474 t f# 4^f4 
4 # 4444 % 34% tk tl 44T#4 341%) 4 yPd4%| ^ pcMId# 34km 4 
344km 444 tl #441# % 34344, %4 4 4444 44 444 4k ^ 44 44% 4kT 
t; 44T 44 k 4% 44 44Tfe47 % 44 44 4441441 414 tl 
■dKddi 3T4k k k 514)4 4444 k t^4 34T% 4k did tk tt t 4##7 fkapkkl' 
k44 4tf 44kl 44pf 4 dPd#d 344% #4414 tk f; %4 3444441' k 44144 
44T 4TmT44 4#' t) 4% 4744 tl 

%4 34444 % tk 744k tfk t : 441441444, 4444 44T 4%4I 
%4 3444 % 4414kt4744 k 4% t f47 f#4# 44g 44 c(74 34% (q) 4% tl 
34% 47 447 34 44% (e) 47 3 ##) 344 34 % q = ne tkT t, 44T 
n = 0, ±1, ±2, ±3, .... tl trak 44T %%# 44 4744: +e44T -e 34% tk 
tl 42J4 34%f fk447 f#3 n 4=4 344p447 %t 4%4 4t# t, t 34% % 
44ltkl4744 4k 4% 4k 4T 447# tl 

%4 34%f 4k #44 k 44141 41% 44 t f# #74# #4744 44 c(74 34% 44 
#4744 % 4# 4444k 34%f 44 4%%% % ( 34% % 4744 4444 4447 ft# 
44 «44 k 444474) tkT tl 

%4 34%!' 47 444^4 k 4444 41% 44 t #7 #74# f%44 #4744 (isolated 
system) 44 ^74 34 % 4444 % 444 34iRc|Rfd 444T tl 4R47T 34# 44 t #7 44 
4 % mm 445 m 344 % 4 k mkt t kf 34%f 44 447 445 k 34 # 443 k 4414444 
tkT t, 443 ^44 %74T k 4 k) #t 34 % 4444 tkT t 34)4 4 t) 44 tkT tl 

rnk #44 : # f% 344%' q x 44T q 2 47 #4 444441447 #44 44, 344%' 

47 344474 qjq 2 47 3435741341# 44T 4447 #4 % 3# r 21 # 4k 47 ^44744341# 

tkT ti mfmkk 44 k 


F 21 = q 2 44 q i % 47T44 444 4T44 44 
4# r 21 -344% q x k q 2 4k f%T k 347447 44f% t 44T k = 


k(q 1 q 2 ) 


4ne, 


-34l3MlPdchdl 


f%T4447 tl SI 4T447T k, 341% 47T 4T447 %# tl #4#57 e o 474 41##57 414 t 
e 0 = 8.854 x 1CT 12 C 2 N _1 nT 2 
k 44 44%74 444 Jc = 9 x 10 9 N m 2 C 2 tkT 11 

#74# 44444 54T #74# %%4 47 #4 44 44T 3444147% 44 47T 34344 

t, 

ke 2 


Gm„m, 


- = 2.4xlO d 


34%w fasti? : ^ %% 34 344 k 44 34T4Tfk t #7 # 341%) #7 #4 4mt 
41# 34T47# 3444T #447# 44 #74# 4% (3444T 34f447) 34pdRck1 34% % 
%% k 44lf44 4#'tk I 34T%) q v q 2 , q 3 ...k7#74#444#f#3#74# 34% 
(tk q# 44 44, q i 44 q 2 % 47T44 44, q t 44 q 3 % 47T44 44 34T#-34T# #7 

























































































































%cT 3TT%T W 


RffR RtR % RtTRt ttRT tl rt#r ^rrt % fRR rr rrt rr# Rf#R tt rf##' % 
fRR ^fRITR % f™ gTR tt ^RRT fRRT ^TTcTT tl 

8. fRtft 3TT#RT fRRIR % RTtR fRtft % Rt fRRJR #R E fRtft #t ^HIrH<=b RttRR 

3TT^n (test charge) qRt RR fR| Rt TtRt RT RR% gTR 3RJRR fRR Rtf RT# 
RRT Rt RTT 3TT#RT % mRh|U| £JR fRRTf#R RR# RT RTRT ttRT tl fRtft 3R#R 
q% RTTR fRl?T #R RTT Rtf mRri u I \q\/4xze 0 r 2 tfRT t; Rft q RHlcH=b t 
eft RR #R RttR (ftF#R) ttcTT t RRT Rft q RR1RTR t eft RtfR 

(fRJRtR) 3Rtg# ttRT tl ^f#TR RRT Rt Rtf?! fRSJTT #R tt R«RRTRR fegfR RT 
TTgR RTRT tl 

9. fRTJR #R #R #TfT RR t f#TTR fRtft tt fR^ RT T#R RRT TR#f, RR % RTT fR^ 
Rt fejR #R Rft ffRTT RRTRT tl #R RlTsff Rft TTTRfRR TfRTTTRT tth-TR fRJsff Rt 
fRRJR #R Rft TTTRfRR tftRRT Rft #RR RT# tl RRRT fRSJR #R R RTR-R1R 
RRT 1#T #R R # TtR-^Rf R RF# ^T tt# tl TTRTTRFT (3TRRT f#TR) fR^R #R 
# #R tarf lTR--^af RT iJebTWH ^tt Rt TTR1# TTTRT ftapf Rt# tl 

10. #R RITsft' Rft ^ RRRR'J# fRRRR#; fR RRTT t~ (a) RTRRgRR ftRTRFT # #R 
ttRT^ RRR RR tt# t #t Rtf Rtf RR#'l (b) tt #R ftarf TTR7-^Rt Rt RRlft Rtf 
RTR RR#'l (c) ftRT%R #R RIT^ RRT#RT R RRR ttRt RRRTRRT Rt RRTRT tt 
RTT# t— R RRR RIRT (RR R|R) Rtf RRT RRT#I 

11. %R fg’gR RftRTR R RRTR fRRl#R tt 3TTRRTT qRRT -q, fRRR #R RRRR 2 a 
tt, RT ttRT tl RTF# fg^R 3 TFJ# trftRT p RT RftRTR 2 qa ttRT t RRT RR 
fg^R 3-TSR -q ft q Rt tgRTT R ttR tl 

12. fRtft %R fg^R RT RR% fRt#tR/fR5R#R RRRRT (3T#R fRR R^T % RTRRR RRT 
fR% #fg # ^Rtt RT# RRRRT) Rt fR% tfg # r^tt Rt fR^R #R- 


E = - 


4jt^ 


(a 2 + r 2 ) 3/2 


-P 


4ji £ a r 

fg^JR 3t^T Rt #fg ft r ^tt Rt fg^R fR^R #R 


(r » aR ftR) 


E = ■ 


2pr 


4ji e 0 (r 2 - a 2 


2p 


4ne 0 r 


(r » a% ftnt) 


RTT R8R Rt «RR tRT Rift 1 ! fR fRtft fg^R RT fR^R #R 1/r 3 Rt fftt tfRT t, 
RRfR fRtft fR^ 3TT#R % RIRR fR^R #R 1/r 2 Rt fttt ttRT tl 

13. fRtft TtRtTRFT fR^R #R E t Rtf %R fg^R TTR RRT 3Rf# X RT 3TJRR RtRT tl 

X = p XE 

Rtg fRtft RRT RT 3RJRR Rtf RtRT I 

14. fR^R #R E RT fRtft RRJ #RRRT-3TRRR AS ft ^pltt RTRTT RRIRFT = E. AS 
trfgRT #RRRT-3TRRR AS = AS n 

RRT AS #RRRT-3TRRR RT RftRTR RRT n #RRRT-3TRRR % RTRRR fRR "RRIR 
RffRT t f## RTRt Rtt #R % fRTR RRRRTtR RPR RT RRRT 11 fRtft RR W % 
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4%t 


%7R7-37RRR % ffe, n R7T Rfeltt % STJTTR %% 37fRfe fe fen RTRT RTT 
77RRTT tl 

15. wwt few :%% rw sk tfe^%%fe77tfRiR fe rtt rrirr rt7 rw 
s^rafesfri 37 % rr i/£ 0 ^ufeitin?ffeffei fe%fefert%R 
wr k rr wfeft fen t RRfe 37 % fewn R tttrt wrffei th 


(i) 


1R7RW77R %?T 377% W7R7 A R77 RRR77 3% R% RR 7#R7 777? 

A - 


E = ■ 


2ji£ 0 r 


(ii) 


RR7 r ffe fe RR k RTRRR gt t RETT n R77 fRg k RTRl RR % 

37f%feR RRT f %T Rc% 77% tl 

RR777R7R R%7 37% RRRR O Wf Wfe 3% 77W7R R7RT 


E = 


2f n 


RRT n 77RRRT % 37f%feR Rife % % 37t? R%%t RRRRT 77% tl 
(iii) RRRW77R R%7 377% W7RR C7 fe W fefe 7% (RT RRRT) 

<2 ; 


E 


4 % r 


(r>.R) 


E = 0 ( r<R) 

% rfefe 7% %%tr%R7tgtRRTi? 7% fe feRT tl 7% RR ^JRT 37% 
q 11 %f q = 4nR 2 a tl 

7% % RlR?fRR7t % R7 37%TR 7% % R7RR %R fe g77 RRR7 ttRT t % 
fe 77R7R 37% 7% % % R7 tt fegR tl Rjt RfeTTR fett RRR7RRT 37TRRR 
37% RRR7 %%%%feTRt7RR%tl 7% % 3fe 77Rf %37f R7 %R 
fe RJW ttcTT tl 









?7%T %RWT-37RJRRf 

AS 

[L 2 ] 

m 2 

AS = AS n 

fRIJR fe 

E 

[MLT" 3 A _1 ] 

Vm" 1 


%R RR7R77 

0 

[ML 3 T _3 A _1 ] 

Vm 

A0 = E.AS 

fg^R 3TT^fe 

P 

[LTA] 

C m 

RIWT% tf *RTT% 

37%T RRT^ 

tfew 

X 

[L -1 T A] 

C m" 1 

fe % ftf% 

77% 

37%/R% 

■^%T 

a 

[L 2 TA] 

C m" 2 

37T%/feRWT 

37RRRT 

P 

[L 3 TA] 

C m" 3 

37%/37R7RR 
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%cT 3TT%T cT8^t 


reWKulto fwr 


2 . 


3. 


4. 


5. 


6 . 


7. 


8 . 


9. 


•3RRRR Rf 3RRRt tf RRTRT t fe RTpRRT 4 R1RTR fRR RR WT t, RRf RRT 
RTR Rvt TfRR Rvff ■HHIU, TRf tl t RRT-^Rf ff RRf Rtf Rf Rfft? 3TR Rf 
■hI<sP 1 fRT R[RT dl<H< y=bl< RR TJF RRf tf t pRpf TNR RRf R>$c) t affc Rtf 
RF RfRTRf Rff RcfT TTTST tef RRRT tl RRJ ^ RR Rf RfRR ftepf tr RF 'ST^Tfcft 
tfRT t, ■Sf^cT ter ~ 10' 14 m tl RRlt RF f Rtf RTpRRT RR RlfR tl RTR 

tf rrirr RiTtel rt term m rt^rr ^4^hT Rif term Rf tef rt ste 
mfte Rf ten: ter Rff sn^te tf tef tl te t WTFjsrf Rif mtef trrt rtrt 
t afk rrrr mte f 3tteR ii 

^FFT RF Tran f|T>c4IRtel rf RRF ^JTRTR Rt fRRR RR RTFR RTRf tl RRT; 
TJFRTRTte RF RR R^RF T^RT tf ftf (R^R 3RRiRf) tfcTT t, teRT ^RIR RF 
% tttf fRf (3RRTRf Ran RfRRRfl) tf RRRf t, ftet tep RFf RR teRR tf 
RRTRT tl Rtf RRRR t % 34?RR fte RF ttt RT tf TJFR RF Rcte f ^RT 
RRF RRT arfRRT cRIHRi RF tf RRTRT tl 

Rff 3nte % RIRRT Rff cjTFft % teR fTR Rffmte RTTRT t Rf ^RTR % 1RRR 
R RI^MlPdchdl ftRTlRT kRR RRR RR fRRR tl RRJ SI RTRRTf f fRI]R RTR % 
RIRRT tfmRT (A) RTf RRf RT ^JRRftR RRTR (tfteT telR) SKI RffRTfRR fRTRT 
FTRT t RRT 3R%%TT1RR- (^RTR) RR %RR (1C= 1As) UR RftRTfRR fRiRT 
RTR tl IRRRRRT t kRR RR RtfESR Rtf t; RR RRRR 9x 10 9 N m 2 C“ 2 tl 
ftRRR kRR 3TcRfRRi R^T RR, RRfR fq^d RR1R Rff ffe ^ 3R%T % RTRRi 
(lC)RRR^T 3RR7R (RR) fR RRRR't t RRffR) (^RT fe f% 31 RR#R fRRRT 
RT "1RR t) 3R%T % RTRR) RFf ^RRflR RRf (fR^RRltf RRf RT Rt RRf) % RRt 
t RftRTfRR fRrRT RRT t Rf fRT odlHR> RR't t^R RRf Rif 'gRRT t R^R ^4 r 
ttt tl Rtf RRRR t fe, 1 RtRRR "fRRTfR RRTRf % fRR; ^fRRRRR R1RRT t, 
1 C = 1 A S %R RRTRf % ftF STcRpRRT R5T RTRRT tl 
3R% RR Rf3RRT ^pTRff RTtt l^W ^RRt Rtf tl RR fR R®R R RRfRR t fe 
t^R 3R%T ff Riff fRRT RR^ Rtf tttf, RT^RT R^> srftRT RfRT tl 
•RTtRT %RR -EJofR % SRPfR tf RTfRRT (RTRRT 3RER/3HMPW<fdlR) Rtf t; RR 
3Rtf^TRi RfR R Rf fR^RT RTRf' % ftR 3TRR tl RR RFRR Rote srfte ^ %R teR 
RTR Rtf tl RRTRRRTaf, Rfte RvRf "Ejte % after 3tte t, RTg RR 3teRTRT 
RfRRf t ftte teff % fte; 3TRR Rtf t, 3TRRT RR ^ Rf RRRRTR Rf 3RR 
Rtf tl 

fRTRf fR^RR fRRRR % ^RT 3Rte RR RTSFT tfRT tfR t Rf % 6% after 
3Rte Rif srfte Rte ^ R#f rrrti RR5FT fteff te; rr; fteT ter R rrr 

Rif 3R[ffRteRRT te te R%R RRRT tl RTff RfR 37fte tft flf Rf RffaRT Rtf 
tf RRTRf (fteff 3RRRRR RRJ R^R RTRif Rff RTfR) I RR% ftetR, Rfte R% 
RR Rf^R Rf tf RRTRT t (RRTRRR % ftR fteff fR^RR fRRTTR RR RiftfR R% 
RR^TR) I 

%R 3Rte RR RRlRRfRTRR 31^ ^ ftRR t fRRRif 37Rf RRT ^TT^TT Rtf 
Rif RTRRiftlRRRTR«RRRtfRTRtfR%RteRlRTRRRRRTff R^RT (3^?R) 
fRRR Rtf tl 

3RRltel fRtef Rff 1RTF Rtf R1RRT RTftTf RRRT ft Rftef % RfR % fRRR 
% RRF Rtf RTRRT RTftfl Rf fR51R Rf RTR RRTRT t: fteff 3Rte RT ^Rf 3RRRT 
% RRRR RRT fRRtf 3RR 3Rtef Rif RRfteR % RRRR RRTfRR Rtf tfRT RRT RfT 
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Rft^ 3HfdRcki ft-fqt, Rg:-fqt rrt Rtf ttft Rt rtrr Rtt rrrr tft t rr 
tt tt 3 t1rrt sn%T tfi 

10. fRTTTt pel pel okl 31T%T PcMIH % RTTTR ftfRRR STlttf Rft 3T^fwf?T RT fRI]R SpR 
RftRTfRR Rtf tl TTRR 3TTRRR 3TT^¥T fRRTR % fRR RR fRRTR f fRTTTt tt f% RT 

RftRTfRR rTctt ti fRTTTt wtR rtrr fRRTR % ftR fR^r afo w tr 3 ttt-rtt 

PqpDjj—j 5 la I tl 

11. fRTTTt 3H% PcMIH fRTlf tjtr 3TT% Rpr f, RT RTTTR TTtt fRjtf RT f^f 
R£R Rtf ttRT; RR ^fttf RT ftm; Rt sn% fRTRTTT RT 3TTRTTT Rft TJRIRT f Rft t, 
fTTRT #R f RTtt 1/r 2 tt tt 3TfRRT RtR Rft tt tftt t, Rt fRT fRTTTt RefTRf 3R% 
% fRfR $R Rft ftttRRT tl RR %R fg’gR fR R 2 R RTT Rfr TTTRRR RR1RTR tl 


3T'«nrr 

1.1 RTg f RRR^Ri; t 30 cm ^tt RT T# tt 3TTtfRR tteff RT RTRR: 2x 10" 7 C RRT 
3x 10 7 C 31TtRT tl RR% #R fRTRRT RR t? 

1.2 0.4 qC 3TltR % fRTTTt ttff Rttr RT fRTTTt 3RR Rtff RltftR tttt % RTTTR RFJ f 0.2 N 
RR RRRT tl Rft ^Tlt tft RT 0.8 |iC RttRT tt Rf (a) RtRt RtRt % RpR fRRRRt ^Tt t? 
(b) fRp Rtf RT Hdtl Rpt % RTTTR fRTRRT RR RRRT t? 

1.3 RTR gTTT yPdPiMd c+PlPRO, fe ke 2 /Gmm p PcWldld tl ttfRRT PHRcIlVf Rft TTTTRt t^RTT 
RTT 3T5RTR RR RR RTR Rffttfl RR 3TfRTR RRT RRRT t? 

1.4 (a) 11 fRTTTt RTg RR t^R 3TTt?T RRltf^TR t,” fR RRTRR tt RRT RRRt t? (b) RiJR RRRT 
Rt tRTt RR %R 3TTttf tt °R°ldK RTRt RRR RR %R RltR % RRlRRpRRRT Rft RtSTT 
trtt RR ■HRid t? 

1.5 RR RTTR Rft Rf Rft tRR % RRTt tt TRft t Rt RtRt RT 3Tt)R RT RTRT tl RTfr RRTIT 
Rft RftRRRT RR RRgsff % 3RR t Rt tST°T fRTRT RTRT tl RRR RRpRR fe RR tST°T 
STTtRT RTSTR fRRR ^ %R RRRT RTRRTR TT3RT tl 

1.6 RR fR| 3RtRT q A = 2 |iC, q B = - 5 |iC, q c = 2 |iC RRT q D = - 5 |iC, 10 cm ^RT 

%fRRTtRff ABCD%RTtRf RT 3TRfTRRtl Rt RTRi 1 (J.C 3TrtRT RT RRR RTRTT 

RRT fRTRRT t? 

1.7 (a) fTRT%R ^R TUT R^T RRR RRT ttRt t 3TRtR RTfst ^R Pm RRTTRRT Rtf 

RR TTRTRtl RRf? 

(b) TW RTtfRR fRT Rt ^R pTITR RTRt tt RRT-^TR RTT yPd^dd RRf Rtf RTTeff? 

1.8 Rt Ir^ 3RRRT q A = 3 |iC RRT q B = - 3 |iC Pl°lld R RRT-^Tlt R 20 cm ^Tt RT fTRR 11 

(a) RtRf STTRRff RTf fRRTTR RTeft TUT AB RT RKR fR^ O RT fR^R ^TR fRTRRT t? 

(b) Rft 1.5X 10 _9 C mRhIUI RTT RTtf RTRTRTRT RTt^FT STT^RT ^TT fR^ RT TTRT ^TTR; Rt 
RR RTtSRR 3RtRT fRTRt RRT RTT 3TJRR RTpHT? 

1.9 fRTTTt fRRTTR t Rt STltRT q A = 2.5 x 10' 7 C RRT q B =-2.5 x 10' 7 C RTRRT: Rt f^stf 
A: (0, 0,-15 cm) RRT B : (0, 0, +15cm)RT SIRfTRR tl fRRTTR RR ^TRT 3RtRT RRT 
tsjR fg^R 3niqu[ RRT t? 

1.10 4xlO" 9 C mfg^R STFjnf rr fg^R 5xl0 4 N C -1 mRhIR RT fRTTTt R^TTTRTR 

fR^R ^RRTt ftRH^ 30°RTTfffeR tl fg^R RT RTFfTR RRT STRjt RTT mRhIR yRobPdd 
RPlPdy,l 

1.11 RTR tt TRt RTR RT RTff RTRTtRtR RR RRTRT 3x 10' 7 C % RiRT^RT ^ 3TTtfRTR RTRT RRTI 

(a) TRIdl'dRd (fRTTT Rglt ^ fRTTT Rglt t) ^RRFTf RTf TlfsRT 3TTRTfRIR RftfRTT| 

(b) RRT RTR ^ RTRTtRtR t TltfR RTT TR1R1RTR tt ttRT t? 
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%cT 3TT%T cT8^t 


1.12 (a) R) ^|<^R(ld ciM % tM' A RRT B % 3^'% #ej Rff T^ff 50cmtl Rft 

RRT Rtcff RT RRRT-RRRT 3TTRRT 6.5 x 10“ 7 C I, eft RTR MKwR<=b fRRT%R 
yfdchfcfui RRT fRRTRT t? Ref) RT #R RT) Rrf RT) T]RRT f RtR)' A RRT B Rf) PbRtt 
RRR tl 

(b) Rft RRRT Rf?) RT 37T^T RT) RTRT R) Rif RRT Rtef) % #R Rf) R[t 3RR) RTT R) RR 
R) RRRT Rtt) RT fRTRRT RRT RFfRT? 

1.13 RTR R#5TR SPRITT 1.12f RtR) A RRT B TTT3RT t 'TltTTR t RRT RTT) TTTRR RT Riff RfTTTT 
3RT^fRR RtRT RRRT R) RRR) RtR) % RRtr, RRTRRTR ^ RtR) % RR^ 4' RTTRTT, 3TR 
f RtRf' Rf tt RRT %RT RTRT tl 3TR A RRT B % #R RRT RfdRRR RRT fRTRRT t? 

1.14 fRR 1.33Rf^RRRRTR'f^R%R $R R RtR RnRfRTR rrt Rt RRfRf (tracks) RR^ 
RR tl rNt' 3T1RRTT RT f%Jf %feRI RRR ^ fRTTT RR RT 3TTRRT-TltfR RFJRTcf 
(q/m) 3#TRRR f? 



y 

A 


->* 


f%RT 1.33 

1.15 RcfiRTRlR fRRJR afR E = 3 X 10 3 i N/C RT fRRTT RtfRT| 

(a) RR ^R RT 10 cm 'fR % Rt % RR RIRt Rf fRRRT RRT yzRRT % TTRIRT t, ‘(JRTt 
RTRTT RRIRTT RRT t? 

(b) RRt Rt tf TpKt RTRTT RRTRTT fRRRT t Rft RTTRT RRT RR RrftRTR X-3TR tf 60° RT 
RRR RR1RT t? 

1.16 3T«RR 1.15 % TiRRRlR fRRjR afR RR 20 cm ^RT % fRTTT) RR ff (R) RR RRTTT 
RfRfRRTfRR t % RTTRT RTRfRT fttRlRT RRT)' RT RRRR f) fRRRT RR RRTRTT TJRRTT? 

1.17 fRR) RTTRf RTRTT RT W RT fejR sfR Rif TTTRRTRtltRT Rf) Rf RTR RR TTRTR RR) t fR 
RTRTT RT tjts R rjRTt oTIRTT RR RRTRTT 8.0 x 10 3 Nm 2 /C tl 

(a) RTRR RT t)RT RR 3TTRRT fRRRT t? 

(b) Rft RTRR Rft^TR) RRTRTT RJR t Rf RRT 3TTR RR pRRTR fRRTHR fR 

RfRR RT RfRT Riff 3TTRRT Rt) t? RR), 3TRRT RRT RR)? 

1.18 fRR 1.34f R#R;3T5RTT 10 cm 'JJRT % fRR) Rf % ^ R)R 5 cm RRTT; RT RTff 

+ 10 yC 3RtRT RRT tl RR Rt Rf rprit RTTf %R RRTRR RT RffRTR RRT t? ( R%R : 
Rrf RT) 10 cmfRRTf % fRTff RR RR RR RRRRT HlPm.1) 



fRR 1.34 
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4ftFt 


1.19 2.0 ^CFT F^ sn% fFRt fF5R W 9.0 cmfFRK RTF fFFlt FTfa FF#q W 
F Ft F ft*RT tl Y 5 ^ TP^f ^ WTFFT FIT t? 

1.20 fFRt f^ 3W F FTFT FFT fip| FT Ft HH=K l#t W 10cm%SU%#lkTO^ 
FF F %cT ^ -1.0 x 10 3 Nm 2 /C I (a) Rft TTr^ft^T FF Ft fFF tt /pt FT tt 
'diy eft ''TO tf reel'll WTFFT /IFF? (b) Rl^ 3TTFT FT HM FTT t? 

1.21 lOcmf^FFFFtfttFT 3TFHFRFmFT FFdtl FfttttfFFsitt 20 cm 
^cr FT fFpT ttF 1.5 X 10 3 N/C fFFT: FFjrtt (radially inward) t eft tttf FT 
W 3TTFT fFFTT t? 

1.22 2.4 m FTTT F fFTlt RFFTR 3TI<lRld FelF Fftf FT 3RFR FTFT 

80.0nC/m 2 tl 

(a) die) FT 3TTFT qTRT ^bl Rjl y.I 

(b) Fttt F FF tf -faffa ^ieT %?T FTFFT FTT t? 

1.23 Ftf 3TFT "TfeF 3RFTT 2 cm^ft FT 9X10 4 N C" 1 fFpT afc FeFF FTTTT tl "fefT 
FTFTT FTFT W cblRmj 

1.24 tf ®TSt, FTeft Fig Ft FF RF-^FR F dHHIdi RF RlFF tl FT% ^ftcltt FelFT F, Fttf 
F FFtF 3RFTT FRF % ftf idM-Od t RTF FTFT mRh|U| 17.0 xlO -22 C/m 2 tl 
(a) Weft FF F FF S(F t, (b) ^Flft FF F FF t, RTF (c) FIF F #R f fFJRT 

mRhI«I 4R=bPeld FtfFTI 

3TfcriTSRT W 

1.25 RrfeldH teT % FFT F 2.55x 10 4 N C" 1 % fFTRT ftlRT sffF % FFF F 12 
FtRtFT Ft Ftf tef ■% iTFT osTI FRit tl teT FT Ndei 1.26 g cm -3 tl ■% Wt Rn-di 
FT FFeR Fttwi (g = 9.81 m s“ 2 ; e= 1.60 x 10" 19 C) I 

1.26 fFT 1.35 t Fdft W ctstf f Tt F?R TTFTfFT fraTT%RT sttf tnTF RTTtFRT dtf Fit? 
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%cT 3TT%T W 8^T 




f^TR 1.35 

1.27 fR^PRFT % fe^Tt sfc R, fejd RR) RRR Z -fRRTT % SFjfRRT tl RRJ fejR $R RR 

mRhiui fro r#' f, wf y,<=byHH rr r z-fen % io 5 n c _1 r% tfter Rt 

RR tf Rfe tf# |l RR fRRRR fdURR R>R|lcHRi z-fRRTT t fg^R 3RRuf icr 7 C m 
% «HN( t, Ididdl RRT RRT RRT STFJtif SRJ'iTR eh<dl t? 

1.28 (a) fe# AfRRR fRR 1.36 (a) 3 RRlfR 31RRK Rrt RRRT/RRT (Cavity) t, 

RR g>3RR!R fRRT RRT tl RR RRTffTTfRT rrrr 3RRRT ’RIRTRi % RTfl RR3 RT UcftcT 
ttRT r ?rfm,\ 

(b) W\i 3RR B fRR T R 3R%T q t, RR RRRTAp (Cavity) f RR RRTR RRT 

fRRT R1RT t fe R1RIRT B W AR Pd^dM T# I RR RRlffR; % iRRfRT A% RTfT 
TO^fel 3RRRT g> + qt [fRR 1.36 (b)] I 

(c) fRRT) TJTTlt) 3 MchiU| RR RRR7 MRIr^i % RRRT ffRT%R §H) 3 RffrPSTR fRTRT ^TPTT 
tl RRTfRR 3RTR %feRI 




fRTR i.36 

1.29 fRRR)TRnat) 3HI^Rld f RRR? RRTRT RRT tl RR RRlffR; fe feg 

R fRRJR (cr/2e 0 ) nt.^l n3TfRd'ddd fgRTT R RRRRT Rif^RT t RRT erfesT 

% fRRTR RFtR 3TTRRT RRcR tl 

1.30 W fRRR rr RRRTR fRRT fRRT) i/RiRHH "ffeRT 311% RRcR A% RTR RRRT RTT 
% RRRR fejd afc % %R RR RTRT RitfRR [ R%R : Rt?f tf ^fRTTR fRRR RR RRRTR RTRR 
3TIRRRRT RR1RFH RR R1R fRR7#TR] I 

1.31 3TR f)RT fRRRTR fRTRT RTRT t fe WT RTHTR Ref' ^jrr (Rf) RWI-R RSq % RTfqRR RR 

fRRpR RRt t) 3fR 3ifRR7 RRT RRRRRT fRR#' RRR& RfRR f, % RR tl RcRRi RRTR RRT 
^JRR #R RRTRt R fRRTRR RRRT tl Rf RRRT % RRT^ Rtt t : ‘str’ RRI^? (uRRT 
fRft^) fRR RT +(2/3) e 3RRRT RRT ‘rtrr’ RRT^7 (d RRI fdfRR) fRRT RR (-1/3) e 
3TTRRT RIRT t, SdRRTd 'R fRRTRR RTRTPT R^T RRTR tl 3RR RRRR % RRT^ R) RTR 

RR t RTT f^FT 3RTTRRR RRRR RR RSI RRTR tl) RRTR RRT ^RRIR % RTRlfRcT RRFt WR 


W^RI 


49 








































































































4fRRt 


1.32 (a) fRRRt 4H<jF°s44> ftRR%R afo f^RTW RR fRRK RtfRRI fRf fsRTPR R7t fRRR) 

RRR-fR^TR f^riRT (null-point, 3TRfR RRT E = 0) RR Rtf RRRT RR)8RR 3RRRT ’RUT 
RRT tl RR % RR)8RR 3RRRT RR RT?JRR 3TTRRRRT RR 3 33RR1R) tl 

(b) RRT mR"J|IH RR RTRTR RftRFT RRT fRfT % RT 3RRRTT (RT RR7-^R RT fRRTl ^ RR 
R® t) % W fspRRf % %R R1RRTRR RftfRRI 

1.33 M f X-SfiR % 3t^fRRT u/RTRT Rl R% RRRf ff Rf 3U<3feld % R*R ^R f m 

RSRTRT RRT -q sn^RT RR RR7 RRR R%T iWT t (f%TR 1.33 4 RRR 1 % RTRTR) I 

Rt RTRlf btl RR rH! WT % #R RRRRRRT fR^R RTRERRTR W RTTRT tl R^rfRR 
fe % 3ffRR fRRlt RR RRR RR fR^R qEL 2 /(2m U 2 ) tl 

(WSJT 11 Wt md^Mch ^ ST^WH4.10 f R/% f R§tR wt vfu & * 77*7 

f37 RRR Wf Vft Rjt cjc7R7 Wtfrm) I 

1.34 3FRTR 1.33 t Rf^TR RRR Rt f^RRTR RRRR RTRRRT RtfRR fRRTRR v x = 2.0 x 10 6 
ms _1 %RTra R#1R fRRR RRT tl RfR 0.5 cm Rt RT R# WT % #R fR^R ^R 
E RR TR 9.1 x 10 2 N/C t) R1 RRTRT RfR RR RRfRRTR RRRT RRRTRRT? 
(I el =1.6 x 10‘ 19 C, m e = 9.1 x 10“ 31 kg.) 
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